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The appendix outlines the process by which existing nutrient loads were quantified and allocated to nonpoint sources in impaired stream segments at baseflow conditions using synoptic sampling events.  These events were used to determine the load allocations (% per land use category) for each nutrient impaired waterbody.  This process is what is outlined in Appendix F.  Median flow and nutrient concentrations for each waterbody collected during the summer period (July 1 – September 30) were used in example TMDLs in Section 6 to identify the necessary reductions and load allocations and to determine natural background loads for the source assessment.  Existing loads and TMDLs are included in Section 6 in the document.  Appendix F load allocations (%) do directly correlate with Section 6, however the synoptic sampling estimates of nutrient loads (lbs/day) do not directly correspond to the tables found in Section 6.6.3 in the document.  



This appendix contains an overview of the potential nutrient sources within the Lower Gallatin watershed and then presents the nutrient source assessment methodology. As described in Section 6, the existing nutrient loads for each stream were calculated based on the available data during the growing season (July 1 to September 30).  However, this method of calculating loads cannot distinguish among the various nutrient sources.   DEQ analyzed synoptic sampling data to determine the percentage of loading from individual sources (e.g., urban, cropland, pasture, etc.) per stream.  These load percentages were then applied to the existing dataset (i.e., more than just the synoptic sampling data) to calculate the existing loads per source.  This appendix describes the available synoptic sampling data for each stream, and provides the methodology for calculating the percentage of nutrient load from the existing sources for each nutrient impaired stream. The source assessment methodology is described in detail using Godfrey Creek and Bozeman Creek as examples because they have very differing land uses (i.e., agriculturally-dominated and mixed use, respectively). The same approach was used for all other nutrient-impaired streams; the associated source assessment results are shown in the figures and tables that follow the two examples.



[bookmark: _Toc339521236][bookmark: _Toc342654357]F2.0 Source Categories

The source area based loading assessment evaluated nutrient contributions from the following sources: 

· Natural background

· Forest (and wetlands)

· Agriculture (cropping and pasture/rangeland)

· Residential/Developed (infrastructure and residential development) 

· Subsurface wastewater disposal and treatment (individual, community septic systems and WWTPs that discharge to groundwater)

· Point sources



Source assessment information for natural background as well as all sources evaluated within the area based approach is described in detail within this section. Note: Although road-related sediment was incorporated into the sediment TMDLs, it is not discussed within this section because it is not a significant nutrient source; only a small fraction of phosphorus is bound to the sediment and much of this load occurs during the non-growing season.



[bookmark: _Toc339521240][bookmark: _Toc342654358][bookmark: _Toc339521237]F2.1 Natural Background

Once the source assessment for a given waterbody was completed, natural background was determined based on median values (50th percentile) for reference sites as compiled by the Montana Department of Environmental Quality (DEQ) in the associated ecoregions (Table F-1).   With the exception of the middle and lower segments of the East Gallatin River, this was done by using the median stream discharge from all available sampling data for a given waterbody and the median instream nutrient concentration for reference streams as determined by DEQ to calculate the natural background load.   Values used for the middle and lower East Gallatin River segments are discussed in detail in those sections.   



For streams receiving natural flows from the Level IV Absaroka-Gallatin-Volcanics ecoregion water quality target values were used with relative flow contributions to calculate segment specific natural background concentrations for TN and TP (Table F-2).  All other nutrient source categories were then uniformly decreased to account for natural background.  



		[bookmark: _Toc334614691][bookmark: _Toc342654383]Table F-1. Natural background concentrations in the Lower Gallatin project area by ecoregion



		Parameter

		Median reference values



		

		Middle Rockies

(Level III)

		Absaroka-Gallatin Volcanics Ecoregion 

(Level IV, within Middle Rockies)



		Total nitrogen (TN)

		0.095 mg/L

		0.080 mg/L



		Total phosphorous (TP)

		0.010 mg/L

		0.081 mg/L







		[bookmark: _Toc334614692][bookmark: _Toc342654384]Table F-2 Natural background concentrations in the Lower Gallatin project area per stream segment receiving flow from the Absaroka-Gallatin-Volcanics Level IV ecoregion



		Stream segment

		TN (mg/L)

		TP (mg/L)



		Bozeman Creek

		0.085

		0.055



		East Gallatin between Bozeman and Bridger Creeks

		0.091

		0.031



		East Gallatin between Bridger and Hyalite Creeks

		0.095

		0.010



		Lower Hyalite Creek

		0.084

		0.063



		East Gallatin between Hyalite Creek and Gallatin River

		0.091

		0.027







The exception to this approach is for streams listed for nitrite + nitrate (N03+ N02).  DEQ has not compiled ecoregion statistics for natural background of inorganic nitrogen.  For these cases, natural background was grouped with forest as instream water quality data collected upstream of the forest boundary in the Bridger Range suggested that there was a natural load of nitrite + nitrate (N03+ N02).  It was not possible to separate the forest/natural background sources.  This exception applies to Bridger Reese and Smith Creeks for nitrite + nitrate (N03+ N02) TMDL development.  



The use of median concentrations to determine natural background differs from that outlined in Section 6.4.2 in the document where the 75th percentile of the reference dataset was used to determine natural background nutrient concentrations.  This is due to the fact that the reference dataset for the Level III Middle Rockies ecoregion includes few sites below the forest boundary in low valley landforms.  In light of the uncertainty of background nutrient concentrations in these lower elevation systems, median values for nutrients in the reference dataset were deemed more appropriate to calculate natural background in nutrient impaired waterbodies below the forest boundary in the Lower Gallatin TMDL project area. 





Geology

Portions of the Hyalite Creek and Bozeman Creek drainages upstream of the forest boundary are underlain by the Phosphoria Formation (Berg et al., 1999; Berg et al., 2000; Kellogg and Williams, 2006; Vuke et al., 2002). This formation has the potential to cause elevated phosphorus concentrations in groundwater and surface water. Studies done by the Gallatin National Forest and Montana State University in the 1970s documented phosphorus concentrations up to 0.50 mg/L (mean 0.07 mg/L) in Bozeman Creek above the forest boundary and elevated natural background concentrations in the Hyalite Creek drainage (Glasser and Jones, 1982; Schillinger and Stuart, 1978). Phosphorus concentrations were linked more strongly to natural processes by researchers than to land uses such as grazing and logging. 



Wildlife

[bookmark: _Toc339521239]The effect of wildlife grazing and waste on nutrient loading is considered part of the natural background load. The contribution of wildlife was not evaluated during this project and may be greater in more heavily used areas of the watershed, however, in a multi-state study with varying densities of wildlife and livestock, wildlife were estimated to contribute a minimal nutrient load relative to livestock (Moffitt, 2009).



[bookmark: _Toc342654359]F2.2 Forest

The forested areas in the Lower Gallatin watershed are heavily timbered. Additionally, coniferous forests do not lose a large percentage of their biomass each fall (as a deciduous forest does). Therefore, overall runoff values are low for forested areas because of their capacity to infiltrate, transpire, and otherwise capture rainfall. 



Recent data collected by MBMG upstream of the forest boundary from streams draining the Bridger Range documented NO3+NO2 concentrations above reference concentrations for that ecoregion. Because the data could not be separated from natural background with high confidence, assessment units with headwaters in the Bridger Range combined load allocation to forest and natural background sources (Bridger Creek, Reese Creek, and Smith Creek). 
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There are several possible mechanisms for the transport of nutrients from agricultural land to surface water during the growing season. The potential pathways include: the effect of winter grazing on vegetative health and its ability to uptake and nutrients and minimize erosion in upland and riparian areas, breakdown of excrement and loading via surface and subsurface pathways, delivery from grazed forest and rangeland during the growing season, transport of fertilizer applied in late spring via overland flow and groundwater, and the increased mobility of phosphorus caused by irrigation-related saturation of soils in pastures (Green and Kauffman, 1989). 
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Pastures are managed for hay production during the summer and for grazing during the fall and spring. Hay pastures are fairly thickly vegetated in the summer; less so in the fall through spring. The winter grazing period is long (October–May), and trampling and feeding further reduces biomass when it is already low. Commercial fertilizers are used infrequently in the watershed, but cattle manure—naturally applied—occurs in higher quantities from October through May because of higher cattle density than that found on range and forested areas (PBS&J, 2007). 



Rangeland differs from pasture in that rangeland has much less biomass therefore contributes fewer nutrients from biomass decay. However, manure deposition does play a role. Similar to the forest areas, rangeland is grazed during the summer in the watershed and is managed similarly to the grazing in the forest areas. This is sometimes an important contribution to an impaired waterbody via tributaries. 



[bookmark: _Toc327254542][bookmark: _Toc327255184]Irrigated and Dryland Cropping

Cropping in the Lower Gallatin TPA is predominately irrigated and dryland production of small grains, with smaller acreages of potatoes, peas, and corn (PBS&J, 2007). This category also includes sod farms. Irrigated lands are usually in continuous production and have annual soil disturbance and fertilizer inputs. Dryland cropping may have fallow periods of 16 to 22 months, depending on site characteristics and landowner management. Nutrient pathways include overland runoff, deep percolation, and shallow groundwater flow, which transport nutrients off site.
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Developed areas contribute nutrients to the watershed by runoff from impervious surfaces, deposition by machines/automobiles, application of fertilizers, and increased irrigation on lawns. Golf courses are included in this category. Although developed areas often have the highest nutrient loading rates, in the Lower Gallatin watershed developed areas make up a small percentage of the overall area.  For reference, the boundaries for the city of Bozeman are functionally identical to the sewered areas.



[bookmark: _Toc339521241][bookmark: _Toc342654362]F2.5 Subsurface Wastewater Disposal and Treatment

Nitrogen and phosphorus discharge by septic systems that migrate to surface waters were initially determined using the Method for Estimating Attenuation of Nutrients from Septic Systems (MEANSS) model. MEANSS used septic location data in the Lower Gallatin TPA to calculate distance to perennial streams and calculate a load to surface water based on local soil types. The model accounted for identified septic systems (Gallatin City-County Health Department, 2009; Gallatin Local Water Quality District, 2010) and systems that have a Montana Ground Water Pollution Control System (MGWPCS) permit. For non-residential MGWPCS permitted systems where actual current wastewater flow rates are not available, design loading rates were used in the analysis. Although design rates are typically larger than average daily rates, they were used in the absence of an accurate method to estimate average rates. Due to the large amount of septic systems in the TPA, this potential error associated with these specific permitted systems should not have any significant effect on the final analysis. 



The daily load from each system was based on literature values and conservative assumptions used during permitting for subdivisions in Montana (Montana Department of Environmental Quality, 2009). Because a complete system failure is typically addressed very quickly, conservative assumptions were used for the load. The model worked well in watersheds with medium to high septic density but often appeared to overestimate loads in watersheds with low septic density. Also, the model calculated annual loads whereas the TMDLs focus on summer loading (July 1 - September 30). Annual load estimates do not take into account higher uptake rates and changes in septic use during the summer period. Another assumption of the model was that perennial streams are gaining in all reaches which does not apply to many of the streams in the Lower Gallatin TPA. For these reasons, the results of the MEANSS model were not used as derived.  Model estimates from MEANNS for nutrient loading were compared with the area-weighted approach but were not used in place of the area-weighted analysis as MEANSS tended to overestimate summer loading rates based on the reasons outlined above. An outline of the MEANSS model may be found in Appendix A of Montana’s DRAFT policy for nutrient trading at http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx.  



The area-weighted approach assigned loads to septic systems based on relative septic density in the vicinity of the stream, dominant groundwater flow paths and changes to instream nutrient concentrations.  In order to better define septic sources, available water chemistry data was reviewed to determine relative inorganic versus organic fractions of nitrogen and changes in total phosphorus fractions (dissolved versus particulate).  The assumption being that phosphorus loading from septic systems is minor short of total system failure in close proximity to a waterbody and that a spike in inorganic nitrogen relative to the organic fraction is indicative of septic loading.  



Separate from the MEANSS model, loading estimates for total nitrogen and total phosphorus were calculated using available influent water quality data and loading rates for wastewater treatment facilities discharging to groundwater in drainages with nutrient impaired streams. These calculations were done for the Belgrade WWTP (MTX000116), the Amsterdam-Churchill WWTP (MTUS00015), and the Riverside Water & Sewer District WWTP (unpermitted; private facility).  Facility outlines and load calculation assumptions for these treatment facilities are provided below.  Methods used to estimate nutrient loading to impaired waterbodies differed between the facilities based on facility design, current operation, available water quality data and geographic relation to nutrient impaired waterbodies.  



Belgrade WWTP (MTX000116)

The City of Belgrade wastewater treatment plant is located approximately 2 miles northeast of Belgrade, MT in the Gallatin Valley.  The facility has three outfalls to Rapid Infiltration Percolation (IP) Beds that discharge to Class 1 groundwater.  The facility underwent a large upgrade in 2003-2004.  



The facility consists of 3 lined treatment ponds/cells.  The disposal method includes a spray irrigation system and 3 groups of IP beds which discharge to groundwater.  Retention times in cell #1 and #2 combined is 53.9 days.  Cell #3 is used for settling and storage prior to discharge and has a retention time of 137 days.  The design capacity is 903,000 gpd with a design population of 3,918 single family residences (~10,500 persons).  



IP Beds A were previously determined to be exempt from nondegradation significance review based on ARM 17.30.702(18)(b), which states that a facility that has been operational on or prior to April 29, 1993, is not required to meet the nondegradation criteria.  Nondegradation significance reviews were conducted on IP beds B and C previously.  The spray irrigation discharge is an exempt/non significant land application according to 75-5-317(2)(h), MCA.  



Based on an annual average flow rate, the IP beds discharge approximately 644,000 gpd of effluent and 274,000 gpd is discharged by the spray irrigation system.  This is a total of 918,000 gpd (102% of design capacity).  Average groundwater flow direction has been determined as N 63° W due in part to mounding of the water table in the immediate vicinity of the IP beds.  The soils in the area of the facility are comprised of gravelly and coarse sand and the subsoil is predominantly fine sand with medium gravel and gravel.  The hydraulic conductivity has been estimated at 600 feet per day.  



The existing permit allows a TN load of 47.1 lbs/day from IP Beds A, 2.13 lbs/day from IP Beds B, and 24.2 lbs/day from IP Beds C.   The mixing zone for IP Beds B is downgradient of the IP Beds A mixing zone and therefore the allowable load is very low.  The total permitted TN load is 73.43 lbs/day from the 3 I/P beds.  The permit requires that at the end of the 500-foot mixing zone the nitrate (as N) concentrations must not exceed 10 mg/L for IP Beds A and 5 mg/L for IP Beds B and C. Based on the average daily discharge and the mixing zone reduction requirements, the TN load to groundwater at the edge of the mixing zones from the Belgrade WWTP is permitted at 35.96 lbs TN/day.  



Total phosphorus effluent limits were not calculated for this facility based on the 50-year breakthrough analysis.  The 50-year breakthrough nondegradation criterion is based on the amount of soil available to absorb the phosphorus between the discharge point and the receiving waterbody using the average load of phosphorus from the wastewater source.  For the permit, it was determined that the East Gallatin River was the nearest waterbody located ~4 miles from the facility and, therefore, greater than the 50-year breakthrough analysis.  However, this distance does not seem to have accounted for the smaller spring-fed streams draining the area north of the Belgrade WWTP.  



The area north and east of Belgrade was historically an extensive riparian corridor in the Gallatin Valley due in part to the low elevation, spring-fed streams and a wide floodplain adjacent to the East Gallatin River.  Downstream of the confluence of Hyalite Creek and the East Gallatin River, several spring-fed streams enter the East Gallatin River.  In upstream to downstream order these streams are: Thompson Creek, Ben Hart Creek, Story Creek, Cowan Creek and Gibson Creek.  Water quality data was collected by DEQ from these streams in September 2008 and September 2009.  



Given the groundwater flow direction at the Belgrade WWTP and the elevation gradient north of the facility, Ben Hart Creek is the most likely receiving waterbody of the groundwater discharge from the Belgrade WWTP.  As the other spring-fed streams have very similar land use characteristics, flow and concentration data were analyzed in comparison to the nutrient loads in Ben Hart Creek.  Given the similar hydrologic characteristics and land uses in these adjacent systems, it was assumed that nutrient loads in the adjacent drainages would provide the average nutrient load in Ben Hart Creek if that waterbody was not under the influence of the Belgrade WWTP.  Relative flows and nutrient loads in Thompson, Story, Gibson and Cowan Creeks were compared with Ben Hart Creek to identify the probable Ben Hart nutrient load without the influence of the Belgrade WWTP.    



This analysis identified that groundwater discharge from the Belgrade WWTP constitutes 12% (16.74 lbs TN/day) of the Ben Hart TN load and 1.5% of the TN load to the lower segment of the East Gallatin River (Table F-3).  If the Belgrade WWTP is meeting the permit requirements, the TN load at the end of the groundwater mixing zone is 35.96 lbs/day. The TN load of 16.74 lbs/day from the Belgrade WWTP in Ben Hart Creek is 47% of the permitted load at the end of the 500-foot mixing zone at the WWTP.



		[bookmark: _Toc339520207][bookmark: _Toc342654385]Table F-3. City of Belgrade WWTP TN Load Calculations to the East Gallatin River



		Parameter

		Value

		Units

		Notes



		Discharge via I/P beds

		644,000

		gpd

		When irrigation system 

in use



		Discharge via I/P beds

		0.9982

		cfs

		When irrigation system 

in use



		Permitted load to I/P beds

		73.43

		lbs/day TN

		



		Permitted load at end of groundwater mixing zone

		35.96

		lbs/day TN

		Based on permit requirements; estimated load to aquifer



		Estimated load to Ben Hart Creek

		16.74

		lbs/day TN

		



		As % of existing TN load in Ben Hart Creek

		12.0

		%

		



		As % of existing TN load in the

Lower East Gallatin River

		1.5

		%

		



		Existing load in the Lower East Gallatin River*

		1114.98

		lbs/day TN

		80th percentile of all summer period water quality data

(n = 12)



		*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) between the middle and lower segments of the river. 







Although the permit did not set a TP effluent limit given the 50-year breakthrough criterion, a flow/load analysis was also calculated for TP from the Belgrade facility.  A total load from the end of mixing zone at the Belgrade WWTP was calculated using influent TP data collected at the Amsterdam-Churchill WWTP as no influent TP data could be obtained for the Belgrade WWTP.  The analysis assumed a 30% reduction in influent concentrations before the outfall point and a 98% reduction by the end of the mixing zone.  This analysis found that the discharge load to the IP beds is approximately 173.40 lbs TP/day and 3.47 lbs TP/day at the end of the mixing zone (Table F-4).  Using the same analysis outlined above, it was estimated that the Belgrade WWTP is discharging 1.03 lbs/day TP to Ben Hart Creek.  This is 30% of the assumed TP load at the end of the 500-foot mixing zone at the plant.   



		[bookmark: _Toc339520208][bookmark: _Toc342654386]Table F-4. City of Belgrade WWTP TP Load Calculations to the East Gallatin River



		Parameter

		Value

		Units

		Notes



		Discharge via I/P beds

		644,000

		gpd

		When irrigation

system in use



		Discharge via I/P beds

		0.9982

		cfs

		When irrigation

system in use



		Median influent concentration

		46.125

		mg/L TP

		n = 9



		30% reduction concentration

in facultative lagoon

		32.29

		mg/L TP

		



		Load (Discharge*concentration)

		173.41

		lbs/day TP

		



		98% removal efficiency in soil matrix for TP

		3.47

		lbs/day TP

		Estimated load to aquifer



		Estimated load to Ben Hart Creek

		1.03

		lbs/day TP

		



		As % of existing TP load in Ben Hart Creek

		28.0

		%

		



		As % of existing TP load in the

Lower East Gallatin River

		1.2

		%

		



		Existing load in the Lower East Gallatin River*

		86.55

		lbs/day TP

		80th percentile of all summer period water quality data  (n = 13)



		*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) between the middle and lower segments of the river.







An analysis of the DEQ ambient water quality data identified that groundwater discharge from the Belgrade WWTP comprises 28% (1.03 lbs TP/day) of the Ben Hart TP load and 1.2% of the TP load to the lower segment of the East Gallatin River.  



The Belgrade facility is currently operating above design capacity according to the most recent permit data.  Analysis of flow and TN concentration in the spring-fed streams north of the Belgrade on the south side of the East Gallatin River determined that 12% of the TN load and 28% of the TP load in Ben Hart Creek is from the Belgrade WWTP.  This corresponds to 1.5% of the TN load and 1.2% of the TP load in the lower segment of the East Gallatin River, which is impaired for total nitrogen and total phosphorus.  There is still some question whether these estimates accurately quantify the impacts of the Belgrade WWTP on water quality in Ben Hart Creek and the East Gallatin River.



Amsterdam-Churchill WWTP (MTUS00015)

The Amsterdam-Churchill WWTP services approximately 927 persons in 335 households and includes a facultative lagoon and 2 storage lagoons for spray irrigation with a design capacity of 78,000 gallons per day (gpd).  The existing system was installed in 1977.  Currently, the facility receives 85,000 to 90,000 gpd.  On-site measurements by DEQ in 2010 determined that the facility is leaking 85,000 gpd of poorly-treated wastewater to the groundwater aquifer from the storage lagoon.  The system was designed to provide some treatment in the facultative lagoon with the storage lagoons periodically pumped out for land application.  It is not known if the facility was ever utilized in this fashion.  



The TN and TP load to groundwater was determined based on the daily leakage rate (85,000 gpd or 0.13175 cfs) and the median influent TN and TP concentrations.  Estimated loads to groundwater were different for TN and TP.  To determine treatment load reductions, a decay equation was used for TN while a general reduction of 30% was applied to TP concentrations (Tables F-5 and F-6).  



		[bookmark: _Toc339520209][bookmark: _Toc342654387]Table F-5. Amsterdam-Churchill WWTP TN Load Calculations to Camp Creek



		Parameter

		Value

		Units

		Notes



		Lagoon Leakage

		85,000

		gpd

		



		Lagoon Leakage

		0.13175

		cfs

		



		Median influent concentration

		45.5

		mg/L TN

		n = 9



		Estimated lagoon retention time

		79

		days

		75% of minimum 

of 105 days



		Influent concentration 

* exp (-0.0075*Retention time)

		25.16

		mg/L TN

		



		Load (Leakage*concentration)

		17.83

		lbs/day TN

		 



		76% removal efficiency in soil matrix for TN

		4.28

		lbs/day TN

		Estimated load to aquifer



		Change in load on 9/23/2009

		1.35

		lbs/day TN

		Observed change in load between sample points bracketing WWTP 



		Existing load in Camp Creek

		101.73

		lbs/day TN

		80th percentile of all summer period water quality data  (n = 12)







In the case of TN, assuming a removal efficiency of 76% in the TN load between the bottom of cell 2 and Camp Creek, the estimated load from the Amsterdam-Churchill WWTP is 4.28 lbs/day TN.  In the only bracket sampling event available for Camp Creek in the vicinity of the WWTP, the change in load from upstream to downstream of the WWTP was 1.354 lbs/day TN. 



		[bookmark: _Toc339520210][bookmark: _Toc342654388]Table F-6. Amsterdam-Churchill WWTP TP Load Calculations to Camp Creek



		Parameter

		Value

		Units

		Notes



		Lagoon Leakage 

		85,000

		gpd

		 



		Lagoon Leakage 

		0.13175

		cfs

		 



		Median influent concentration

		46.125

		mg/L TP

		n = 9



		30% TP reduction in facultative lagoon

		32.29

		mg/L TP

		 



		Load (Leakage*concentration) 

		22.89

		lbs/day TP

		 



		98% removal efficiency in soil matrix for TP

		0.46

		lbs/day TP

		Estimated load to aquifer



		Change in load on 9/23/2009

		0.127

		lbs/day TP

		Observed change in load between sample points bracketing WWTP 



		Existing load in Camp Creek

		6.57

		lbs/day TP

		80th percentile of all summer period water quality data     (n = 15)







For TP, a 98% removal efficiency was used to calculate the TP load to Camp Creek due to the leaking lagoon.  The estimated load was 0.46 lbs/day TP.  The observed change in TP load above and below the WWTP was 0.127 lbs/day TP on 9/25/2009.  



Riverside Water & Sewer District WWTP (unpermitted; private facility)

Constructed in 1974, the Riverside Water and Sewer District WWTP is an unpermitted facility with a design capacity of 20,000 gpd.  It services 124 households plus the clubhouse on the golf course for an estimated population of 325 persons plus 200 transient (clubhouse).  The facility is comprised of an aeration pond (treatment cell) and a storage lagoon (holding cell).  The original design called for the septic effluent to be stored in the lagoon following initial treatment and then pumped out and used to irrigate the Riverside golf course.  It is not known that the system was ever utilized in this manner.  This failing system is losing approximately 20,000 gpd to the underlying aquifer and is sited adjacent to the East Gallatin River downstream of the city of Bozeman Water Reclamation Facility.  



Water quality data from the facility could not be used in the analysis as it failed DEQ QA/QC requirements for data acceptability.  Instead, water quality influent data collected at the Amsterdam-Churchill WWTP was used in its stead.  These 2 facilities are comparable in the number of service connections and resident populations that they serve.  Different removal efficiencies of TN and TP were used for the Riverside Water & Sewer District WWTP then were applied in the Amsterdam-Churchill WWTP analysis.  In comparison to the Amsterdam-Churchill WWTP, the TN removal efficiency was reduced from 76% to 25% and for TP from 98% to 40% (Tables F-7 and F-8).  This was done for several reasons including the lack of a fully functioning aeration pond at Riverside, the coarse soils and shallow depth to groundwater and the relatively short groundwater flow path from Riverside to the East Gallatin River.    



		[bookmark: _Toc339520211][bookmark: _Toc342654389]Table F-7. Riverside Subdivision District WWTP TN Load Calculations to the East Gallatin River 



		Parameter

		Value

		Units

		Notes



		Lagoon Leakage

		20,000

		gpd

		



		Lagoon Leakage

		0.031

		cfs

		



		Median influent TN concentration

		45.5

		mg/L TN

		n = 9



		Assumed retention time

		79

		days

		75% of minimum of 105 days



		Influent concentration * exp (-0.0075*Retention time)

		25.16

		mg/L TN

		



		Load (Leakage*concentration)

		4.20

		lbs/day TN

		 



		25% removal efficiency in soil matrix for TN

		3.22

		lbs/day TN

		Estimated load to aquifer



		Change in  load on 9/16/2009

		-8.59

		lbs/day TN

		Observed change in load between sample points bracketing WWTP location



		Existing load on East Gallatin River below WRF discharge and above Hyalite Creek

		272.35

		lbs/day TN

		80th percentile of all summer period water quality data (n = 13)







Upstream of the Riverside Water & Sewer District WWTP, the City of Bozeman WRF discharges to the East Gallatin River.  It was difficult to separate the Riverside Subdivision TN and TP contribution from the significant WRF loads.  In the case of TN, samples bracketing the Riverside Water & Sewer District WWTP showed a decrease in the TN load on 9/19/2009 of 8.59 lbs/day TN.  



		[bookmark: _Toc339520212][bookmark: _Toc342654390]Table F-8. Riverside Water and Sewer District WWTP TP Load Calculations to the East Gallatin River



		Parameter

		Value

		Units

		Notes



		Lagoon Leakage 

		20,000

		gpd

		 



		Lagoon Leakage 

		0.031

		cfs

		 



		Median influent concentration

		46.125

		mg/L TP

		n = 9



		30% TP reduction in facultative lagoon

		32.29

		mg/L TP

		 



		Load (Leakage*concentration) 

		5.37

		lbs/day TP

		 



		40% removal efficiency in soil matrix for TP

		3.22

		lbs/day TP

		Estimated load to aquifer



		Change in load on 9/16/2009

		1.58

		lbs/day TP

		Observed change in load between sample points bracketing WWTP location 



		Existing load on East Gallatin River below WRF discharge and above Hyalite Creek

		30.59

		lbs/day TP

		80th percentile of all summer period water quality data (n = 15)







On 9/16/2009, there was an observed increase of 1.58 lbs/day in the TP load in samples collected upstream and downstream of the Riverside Water & Sewer District WWTP.  The increase was less than the estimated load of 3.22 lbs/day TP from Riverside.  



[bookmark: _Toc339521243][bookmark: _Toc342654363]F2.6 Point Sources

Several nutrient point sources exist in the watershed that directly contribute loading to assessment units identified as impaired for nutrients. These include the city of Bozeman Water Reclamation Facility (WRF) (MT0022608), the City of Bozeman MS-4 stormwater system (MTR040002), and the USFWS Bozeman Fish Technology Center (MTG130006). 



[bookmark: _Toc342654364][bookmark: _Toc339521244]F3.0 Source Assessment Methodology

The relative load from nonpoint source categories (i.e. forest, agriculture, residential/developed, and subsurface wastewater disposal and treatment) was calculated by analyzing the changes in TN and TP loading between monitoring locations for synoptic samples.  Estimates of loading from point sources was done separately (see Section 6.5.2).  For areas where the load decreased between sites, the contribution from sources within that portion of the watershed was considered negligible.  However, for areas that the nitrogen or phosphorus load increased between sites, the source type composition and septic contribution within that part of each watershed was analyzed.  Source type percentages were estimated using GIS land cover data, a nutrient source assessment report (Attachment B), and the United States Department of Agriculture-National Agricultural Statistics Service (USDA-NASS) CropScape application.  CropScape identifies inter-annual changes in agricultural practices from pasture/rangeland to irrigated and dryland cropping.  



Because a source can contribute a disproportionate load relative to its area within a watershed, the contribution from sources in sections of the watershed where loading occurred were weighted.  This was done by multiplying the percentage of the peak load attributed to each watershed section by its source type distribution.  For instance, if a certain section of stream contributed 43% to the peak load during the synoptic sampling event, the percent comprised by each source category was multiplied by 43% (as shown in Table F-11 for Godfrey Creek).  Then, the percent contribution per source category was summed for all of the contributing areas to provide the estimated contribution of each source category to the peak load (Table F-10).  This approach is demonstrated step by step in the following section for Godfrey and Bozeman Creeks, and then just the summary tables and figures with limited discussion is presented for all other nutrient impaired waterbodies.  



Source assessment assumptions:

· Synoptic sampling events were considered representative of existing flow and nutrient loading conditions on nutrient impaired waterbodies. 

· Large irrigation diversions that substantially altered flow dynamics were considered and analyzed where observed to account for inflows and outflows from a system.  

· Contributions from septic sources were categorized based on instream chemistry observations and septic densities in proximity to a waterbody.  

· Nutrient loads were considered conservative and no attempts were made to account for uptake or assimilation except what was observed in the synoptic sampling events. 

· Source contributions were determined based on their approximate land coverage as a percent of contributing area to a reach. 

· If a synoptic sampling observed a decrease in a nutrient load in a given reach, a source assessment for that reach was not done as the load contribution was considered negligible.  

· Source assessments for tributary streams were incorporated into source assessments for receiving waterbodies. 

· The city of Bozeman MS4 discharges to Bozeman Creek, Bridger Creek, Mandeville Creek and the East Gallatin River.  However, based on 30 years of precipitation data (1980–2009), ≥0.05 inch of precipitation falls, on average, 18.6 days from July 1–September 30. Activation of the MS4 is relatively infrequent during the summer period. Therefore, nutrient load contributions from the MS4 during the summer low flow period were considered negligible and were not included in the existing nutrient source assessment. 

· Assumptions used for the source assessment specific to each assessment unit are outlined in their respective section.  



[bookmark: _Toc342654365]F4.0 Godfrey Creek Existing Load Source Assessment for TN and TP

Godfrey Creek is listed as impaired for total nitrogen and total phosphorus on the 2012 303(d) List. Godfrey Creek flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through the town of Churchill to the mouth where is flows into Moreland Ditch, an irrigation canal. Water quality sampling was conducted in 2008 and 2009 (Figure F-1). 



From Attachment B: Godfrey Creek is impacted by agricultural practices throughout most of its seven mile length. Pastures and livestock confinement areas were identified as the most significant sources of nutrients to Godfrey Creek, but the abundance of irrigated croplands was also considered a significant pollutant source. The potential impact of these land uses was accentuated by the general lack of best management practices. Narrow pasture buffers were common in the middle and lower reaches but generally absent in the upper reaches. The lack of riparian enclosure fencing allowed livestock full access to the stream even where pasture buffers were present. The only riparian fencing noted during the assessment was located upstream of Cameron Bridge Road, which was effectively keeping cattle out of the riparian zone. However, it should be recognized that only areas that could be accessed from road crossings were observed and some BMP’s were likely missed in the assessment. 



The stream was more impacted in the upper two reaches than in the lower two reaches. Reach GOD 01 N was less impacted upstream of Little Holland Road (Figure 1), with a denser riparian and less bank erosion observed. Downstream of Little Holland Road was the most significantly impacted by grazing and livestock confinement areas, resulting in trampled, eroding banks, and very poor riparian zone quality. The lower reaches were less impacted by grazing and livestock operations, with less bank erosion and a denser riparian zone observed.



[image: F:\CB0176\TMDL TPAs\Lower Gallatin\TMDL Document\Figures\Assessments\Godfrey_Creek.jpg]

[bookmark: _Toc339520221][bookmark: _Toc342654506]Figure F-1. Spatial data used for the Godfrey Creek existing load source assessment



In Table F-9, peak load refers to the highest observed load (lbs/day) on Godfrey Creek on 9/25/2009 which was 34.024 lbs TN/day.  GD05 is located on the mainstem just upstream of the confluence of a tributary that enters Godfrey Creek from the east. GD04 is taken at the mouth of that tributary (Figure F-2).  For total nitrogen samples collected on 9/25/2009, loading from the upper reaches (GD05, GD04) comprise 87% of the peak load observed on that day (Table F-9).  This portion of the watershed is dominated by dryland cropping and pasture/rangeland.  TN loads and concentrations decrease moving downstream and a substantial drop-off in concentration at GD01.   Valley Ditch, which diverts water from the West Gallatin River, merges with Godfrey Creek just downstream of site GD02 on the north side of Cameron Bridge Road.  Godfrey Creek/Valley Ditch continues downstream for ~125 feet before Valley Ditch is redirected to the west of the Godfrey Creek channel.  The dilution effects of Valley Ditch are the main reason for the sudden decrease in TN concentration.  



		[bookmark: _Toc339520214][bookmark: _Toc342654391]Table F-9. Total nitrogen loading on 9/25/2009 on Godfrey Creek



		Site ID

		Flow

(cfs)

		TN

 (mg/L)

		TN load 

(lbs/day)

		Change in load from upstream (lbs/day)

		% of peak load



		GD05

		0.88

		3.1

		14.649

		14.649

		43%



		GD04 (Tributary)

		1.45

		1.91

		14.872

		14.872

		44%



		GD03A

		2.45

		2.5

		32.891

		3.37*

		10%



		GD03

		2.98

		2.1

		33.605

		0.714

		2%



		GD02A

		2.88

		2.2

		34.024

		0.419

		1%



		GD02

		3.22

		1.96

		33.891

		-0.133

		NA



		GD01

		4.06

		0.32

		6.978

		-26.913

		NA



		*The sum of GD04 and GD05 were subtracted from GD03A to determine the change in TN load [(14.649+14.827)-(32.891)  = 3.37].
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[bookmark: _Toc339520222][bookmark: _Toc342654507]Figure F-2. Site IDs for surface water data points on Godfrey Creek



Using the available data sources including the source assessment and the NASS CropScape application, percentages per source category were assigned for the each sample location where an increase in TN load was observed between adjacent sampling locations (i.e. on 9/25/2009 the TN load increased from 33.605 lbs/day TN at GD03 to 34.024 lbs/day TN at GD02A). Values were then weighted based on the % of peak load at each sample location identified in Table F-9 and then summarized for the entire stream segment. Peak load is the highest observed load on the day of sampling.  Results were compared to other available TN data. 






		[bookmark: _Toc339520215][bookmark: _Toc342654392]Table F-10. Existing load source assessment for anthropogenic sources for total nitrogen on Godfrey Creek for 9/25/2009



		Source category

		GD05

		GD04

		GD03A

		GD03

		GD02A

		Total



		Forest 

		0.00

		0.00

		0.00

		0.00

		0.00

		0.00



		Agriculture

		40.04

		43.71

		9.71

		1.97

		1.21

		96.63



		Residential/Developed

		0.86

		0.00

		0.20

		0.04

		0.02

		1.13



		Subsurface wastewater disposal and treatment

		2.15

		0.00

		0.00

		0.08

		0.00

		2.24



		% of peak load

		43.05

		43.71

		9.90

		2.10

		1.23

		100.00







As an example, source assessment calculations for the GD05 column are shown in Table F-11. From Table F-9, the TN load at GD05 was 43.05% (=14.649/34.024) of the highest observed TN load on 9/25/2009.  The far-right column of Table F-11 corresponds to the GD05 column in Table F-10.



		[bookmark: _Toc339520216][bookmark: _Toc342654393]Table F-11. Example calculation of area-weighted source assessment for total nitrogen at site GD05 on Godfrey Creek for 9/25/2009



		Source category

		GD05 source allocation (%)

		GD05 as fraction  of peak load

		GD05 as fraction  of total load (%) on Godfrey Creek



		Forest 

		0

		* .4305

		0.00



		Agriculture

		93

		* .4305

		40.04



		Residential/Developed

		2

		* .4305

		0.86



		Subsurface wastewater disposal and treatment

		5

		* .4305

		2.15



		Total 

		100

		-

		43.05







As outlined in Section F2.1, natural background was calculated based on the median flow observation for Godfrey Creek using the available data (2.48 cfs) and the median TN concentration in the reference dataset for the Middle Rockies ecoregion (0.095 mg/L TN).  The median observed TN concentration in Godfrey Creek was 1.41 mg/L TN for an existing TMDL load of 18.81 lbs TN/day.  



		[bookmark: _Toc342654394]Table F-12.  Godfrey Creek values used to determine total nitrogen existing load and natural background.  



		Median discharge

		Median reference concentration for Godfrey Creek

		Natural background load

		Median observed concentration

		Existing Load



		2.48 cfs

		0.095 mg/L TN

		1.26 lbs TN/day

		1.41 mg/L TN

		18.81 lbs TN/day







The natural background load of 1.26 lbs TN/day is 6.74% of the existing load using the median values.  All other source categories were uniformly decreased to account for the calculated natural background load (Table F-13).



		[bookmark: _Toc342654395]Table F-13.  Uniform decrease of source allocations to account for natural background in Godfrey Creek total nitrogen source assessment. 



		

		Existing load



		Source allocation 

		Without NB (%)

		With NB (%)



		Natural background

		 -

		6.74



		Agriculture

		96.63

		90.12



		Residential/Developed

		1.13

		1.05



		Subsurface Wastewater Treatment and Disposal

		2.24

		2.09



		Total 

		100.00

		100.00







This method determined natural background to be ~7% of the TN load in Godfrey Creek. The source categories percentages were uniformly decreased to account for the calculated natural background TN load (Figure F-3).







[bookmark: _Toc339520223][bookmark: _Toc342654508]Figure F-3. Existing TN sources for Godfrey Creek



In Godfrey Creek, it was determined that Agriculture is the dominant source of TN loads in the stream based on data collection efforts in 2008 and 2009, the nutrient source assessment and NASS CropScape. 



For TP on Godfrey Creek, the same methodology was used (Table F-14; Table F-15). 



		[bookmark: _Toc339520217][bookmark: _Toc342654396]Table F-14. Total phosphorus loading on 9/25/2009 on Godfrey Creek



		Site ID

		Flow

(cfs)

		TP

 (mg/L)

		TP load 

(lbs/day)

		Change in load from upstream (lbs/day)

		% of peak load



		GD05

		0.88

		0.09

		0.43

		0.43

		40%



		GD04 (tributary)

		1.45

		0.059

		0.46

		0.46

		43%



		GD03A

		2.45

		0.06

		0.79

		-0.10

		NA



		GD03

		2.98

		0.041

		0.66

		-0.13

		NA



		GD02A

		2.88

		0.054

		0.84

		0.18

		17%



		GD02

		3.22

		0.021

		0.36

		-0.47

		NA



		GD01

		4.06

		0.016

		0.35

		-0.01

		NA



		*The sum of GD04 and GD05 were subtracted from GD03A to determine the change in TN load 

[(0.43+0.46)-(0.79)  = -0.10].







The TP impairment on Godfrey Creek is likely tied to the sediment impairment.  TP loads decrease from the main source area in the upper reaches but rise again at GD02A.  This is likely due to a new TP source in the reach upstream of the sampling location and may be linked to an animal confinement area in the vicinity of the sampling point.    



		[bookmark: _Toc339520218][bookmark: _Toc342654397]Table F-15. Existing load source assessment for anthropogenic sources for total phosphorus on Godfrey Creek for 9/25/2009



		Source category

		GD05

		GD04

		GD03A

		GD03

		GD02A

		Total



		Forest

		0.00

		0.00

		0.00

		0.00

		0.00

		0.00



		Agriculture

		40.83

		3.44

		32.39

		0.00

		17.57

		94.23



		Residential/Developed

		2.20

		0.07

		1.70

		0.00

		0.92

		4.89



		Subsurface wastewater disposal and treatment

		0.88

		0.00

		0.00

		0.00

		0.00

		0.88



		% of peak load

		43.90

		3.51

		34.09

		0.00

		18.49

		100







As outlined in Section F2.1, natural background was calculated based on the median flow observation for Godfrey Creek using the available data (2.48 cfs) and the median TP concentration in the reference dataset for the Middle Rockies ecoregion (0.010 mg/L TP).  The median observed TP concentration in Godfrey Creek was 0.054 mg/L TP for an existing TMDL load of 0.72 lbs TP/day (Table F-16).  



		[bookmark: _Toc342654398]Table F-16.  Godfrey Creek values used to determine total phosphorus existing load and natural background.  



		Median discharge

		Median reference concentration for Godfrey Creek

		Natural background load

		Median observed concentration

		Existing Load



		2.48 cfs

		0.010 mg/L TP

		0.13 lbs TP/day

		0.054 mg/L TP

		0.72 lbs TP/day







The natural background load of 0.13 lbs TP/day is 18.52% of the existing load using the median values.  All other source categories were uniformly decreased to account for the calculated natural background load (Table F-17).



		[bookmark: _Toc342654399]Table F-17.  Uniform decrease of source allocations to account for natural background in Godfrey Creek total phosphorus source assessment. 



		

		Existing load



		Source allocation 

		Without NB (%)

		With NB (%)



		Natural background

		

		18.52



		Agriculture

		94.23

		76.78



		Residential/Developed

		4.89

		3.99



		Subsurface Wastewater Treatment and Disposal

		0.88

		0.72



		Total 

		100.00

		100.00







This method determined natural background to be ~18% of the TN load in Godfrey Creek.  The source categories percentages were uniformly decreased to account for the calculated natural background TP load (Figure F-4).





[bookmark: _Toc339520224][bookmark: _Toc342654509]      Figure F-4. Existing TP sources for Godfrey Creek





[bookmark: _Toc342654366]F4.0 Bozeman Creek Existing Load Source Assessment for TN and TP

Lower Bozeman Creek is listed on the 2012 303(d) List for a total nitrogen (TN) impairment.  The lower segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the mouth (East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough Canyon. The total length of the stream is 14 miles from the confluence of North Fork and South Fork to the mouth (East Gallatin River). Extensive water quality data is available for Bozeman Creek with the primary collection efforts occurring in 2008 and 2009 and is the most well sampled waterbody in the project area and the analysis included data collected upstream of the assessment unit and from several tributaries to Bozeman Creek (Table F-18; Figure F-5).



From Attachment B: Bozeman Creek is progressively more impacted from upstream to downstream along its 14 mile length. From its headwaters, downstream to the Bozeman Creek trailhead, Sourdough Creek is minimally impacted as it flows through Gallatin National Forest land. From the Bozeman Creek trailhead to approximately Goldenstein Rd it is an agricultural stream, with adjacent pasture land and hay fields. Between Goldenstein Rd, downstream to Bogert Park, residential and urban impacts increase. However, where residential lawns do not encroach on the stream, the riparian vegetation is still relatively healthy and bank erosion is limited to areas of pasture and lawn encroachment. The greatest potential water quality influences to these reaches are likely tributary streams (Limestone Creek, Nash Spring Creek) and residential lawn encroachment along South Church Street. Urban impacts greatly increase downstream of Bogert Park as the stream flows through downtown Bozeman and residential areas along Rouse Ave. This is by far the most impacted reach along the entire stream with several potential nutrient sources. Residential lawns encroach directly on the stream for most of the length, banks were generally eroding and trampled, and the riparian quality was very poor to nonexistent in most areas. The most downstream reach from Tamarack St to the confluence with the East Gallatin River, was less impacted by urban development than the upstream reach, with a wider riparian buffer, less residential lawn and pasture encroachment, and minimal bank erosion. This reach did flow through some livestock grazing and industrial areas, both of which are likely nutrient sources.
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[bookmark: _Toc342654510]Figure F-5. Spatial data used for the lower Bozeman Creek existing load source assessment



For Bozeman Creek, there were 2 available sampling dates when water quality samples were collected at numerous points along the stream on a single day (Figure F-6). Therefore, loading was analyzed for both dates in addition to tributary water quality data to determine the existing sources of the TN in Bozeman Creek. 
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[bookmark: _Toc342654511]Figure F-6. Site IDs for surface water data points on Bozeman Creek



In Figure F-6, important additions and diversions include the tributaries of Nash Spring Creek which joins Bozeman Creek immediately upstream of SD04 and Matthew Bird Creek which flows into Bozeman Creek immediately upstream of SD03.  A large irrigation diversion on Bozeman Creek is the Mill-Willow irrigation canal which diverts Bozeman Creek downstream of the confluence of Matthew Bird Creek and Bozeman Creek and upstream of sampling point SD03.   The distance between the Matthew Bird Creek confluence and the Mill-Willow Canal is ~500 ft.  Based on flow measurements in the 9/15/2009 sampling event, the Mill-Willow canal diverted 4.73 cfs assuming no inflow to Bozeman Creek between sampling points SD03A and SD03.  This was 22% of the Bozeman Creek flow at the diversion on that date.  This loss in load and flow from Bozeman Creek was accounted for in the following TN source assessments.  



Using the available data sources including the source assessment and the CropScape application, percentages per source category were assigned for the each sample location where an increase in TN load was observed. Values were then weighted based on the % of peak load at each sample location and then totaled for the entire stream segment. Results were compared to other available TN data. 



Table F-18 and F-19 are the results of the TN load analysis for samples collected on 9/2/2008. 



		[bookmark: _Toc342654400]Table F-18. Total nitrogen loading on 9/2/2008 on Bozeman Creek



		Site ID

		Flow

(cfs)

		TN

 (mg/L)

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		SD06

		19.62

		0.025

		2.63

		2.63

		2%



		SD05A

		Not sampled



		SD05

		15.23

		0.17

		13.90

		11.27

		9%



		SD04

		19.02

		0.30

		30.64

		30.64

		14%



		SD03A

		Not sampled



		SD03

		25.70

		0.77

		106.27

		75.63

		62%



		SD02A

		Not sampled



		SD02

		25.81

		0.88

		121.97

		15.70

		13%







		[bookmark: _Toc342654401]Table F-19. Existing load source assessment for anthropogenic sources for total nitrogen on Bozeman Creek for 9/2/2008



		Source category

		SD06

		SD05

		SD04

		SD03

		SD02

		Total



		Forest

		2.16

		0.46

		0.00

		0

		0

		2.62



		Agriculture

		0.00

		0.00

		2.75

		31

		0

		33.75



		Residential/Developed

		0.00

		5.08

		5.49

		24.8

		12.87

		48.24



		Subsurface wastewater disposal and treatment

		0.00

		3.69

		5.49

		6.2

		0

		15.39



		% of peak load

		2.16

		9.23

		13.73

		62

		12.87

		100







Table F-20 and F-21 are the results of the TN load analysis for samples collected on 9/15/2009. Nash Spring Creek enters Bozeman Creek upstream of SD04 and Matthew Bird Creek joins Bozeman Creek between SD03 and SD03A. Data collected from these tributaries on 9/15/2009 was used in the analysis for the mainstem. 



		[bookmark: _Toc342654402]Table F-20. Total nitrogen loading on 9/15/2009 on Bozeman Creek



		Site ID

		Flow

(cfs)

		TN (mg/L)

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		SD06

		7.27

		0.025

		0.98

		0.98

		1%



		SD05A

		9.21

		0.27

		13.35

		12.38

		18%



		SD05

		10.18

		0.27

		14.76

		1.41

		2%



		Nash Spring Creek

		3.10

		1.55

		25.85

		NA

		NA



		SD04

		13.31

		0.75

		53.61

		38.85

		56%



		SD03A

		14.46

		0.74

		57.46

		3.86

		6%



		Matthew Bird Creek

		7.46

		0.81

		32.45

		NA

		NA



		SD03

		17.19

		0.75

		69.23

		11.77

		17%



		SD02A

		18.61

		0.69

		68.96

		-0.28

		NA



		SD02

		17.57

		0.73

		68.88

		-0.08

		NA



		* Nash Spring Creek and Matthew Bird Creek are tributaries to Bozeman Creek and data collection efforts were incorporated into the source assessment. 







		[bookmark: _Toc342654403]Table F-21. Existing load source assessment for anthropogenic sources for total nitrogen on Bozeman Creek for 9/15/2009



		Source category

		SD06

		SD05A

		SD05

		SD04

		SD03A

		SD03

		Total



		Forest 

		1.41

		0.00

		0.1

		0.00

		0.39

		0.00

		1.9



		Agriculture

		0.00

		6.62

		0.00

		8.42

		3.06

		8.5

		26.6



		Residential/Developed

		0.00

		6.79

		1.12

		25.2

		1.67

		6.8

		41.63



		Subsurface wastewater disposal and treatment

		0.00

		4.47

		0.81

		22.4

		0.45

		1.7

		29.87



		% of peak load

		1.41

		17.88

		2.03

		56.02

		5.57

		17

		100







The existing source allocations for anthropogenic sources in the Bozeman Creek drainage was calculated by taking the mean of the 9/2/2008 and 9/15/2009 analyses (Table F-21). 



		[bookmark: _Toc342654404]Table F-22. Mean of 9/2/2008 and 9/15/2009 source assessments



		Source category

		9/2/2008

		9/15/2009

		Mean 



		Forest 

		2.62

		1.9

		2.26



		Agriculture

		33.75

		26.6

		30.17



		Residential/Developed

		48.24

		41.63

		44.94



		Subsurface wastewater disposal and treatment

		15.39

		29.87

		22.63



		% of peak load

		100

		100

		100







As outlined in Section F2.1, natural background was calculated based on the median flow observation for Godfrey Creek using the available data (23.95 cfs) and the median TN concentration in the reference dataset as determined for Bozeman Creek (0.085 mg/L TN; Table F-2).  The median observed TP concentration in Bozeman Creek was 0.73 mg/L TN for an existing TMDL load of 94.06 lbs TN/day (Table F-23).  



		[bookmark: _Toc342654405]Table F-23.  Bozeman Creek values used to determine total nitrogen existing load and natural background.  



		Median discharge

		Median reference concentration for Bozeman Creek

		Natural background load

		Median observed concentration

		Existing Load



		23.95 cfs

		0.085 mg/L TP

		10.95 lbs TN/day

		0.73 mg/L TN

		94.06 lbs TN/day







The natural background load of 10.95 TN/day is 11.64% of the existing load using the median values.  All other source categories were uniformly decreased to account for the calculated natural background load (Table F-24).



		[bookmark: _Toc342654406]Table F-24.  Uniform decrease of source allocations to account for natural background in Godfrey Creek total nitrogen source assessment. 



		

		Existing load



		Source allocation 

		Without NB (%)

		With NB (%)



		Natural background

		

		11.64



		Forest

		2.26

		2.00



		Agriculture

		30.17

		26.66



		Residential/Developed

		44.94

		39.71



		Subsurface Wastewater Treatment and Disposal

		22.63

		20.00



		Total 

		100.00

		100.00







The method outlined in Table F-23 determined natural background to be 11% of the TN load in Bozeman Creek. Source categories were adjusted to account for this percentage (Figure F-7).





[bookmark: _Toc342654512]Figure F-7. Existing TN sources for Bozeman Creek



Matthew Bird Creek and Nash Spring Creek contribute large TN loads to Bozeman Creek, while Limestone Creek was found to contribute only small nutrient additions to Bozeman Creek.  The existing load assessment used data collected on those tributaries to determine % loads to Bozeman Creek. In addition, the Mill-Willow irrigation canal diverts flow from Bozeman Creek and actually reduces TN loads immediately downstream of the Matthew Bird Creek and Bozeman Creek confluence. This was also accounted for in the analysis. Finally, the 9/2/2008 and 9/15/2009 data analyses had good agreement with the load increases observed in the 2008-2011 Greater Gallatin Watershed Council data collected on Bozeman Creek. In Bozeman Creek, TN sources include both agriculture and urban/residential nonpoint sources. 



[bookmark: _Toc342654367]F5.0 Existing Load Source Assessments for TN and TP for remaining TMDL streams

Figures displaying spatial data used in the source assessments per waterbody identify all surface water data locations but labels are only provided for those points sampled in the synoptic events used for the source assessment. 



[bookmark: _Toc342654368]F5.1 Bear Creek 

Bear Creek is listed as impaired for total phosphorus on the 2012 303(d) List. Figures and analysis for TP source allocation are provided in this section.  Figure F-9 displays the stream sampling locations and other environmental data including septic density and hydrography. 
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[bookmark: _Toc342654513]Figure F-9. Spatial data used for the Bear Creek existing load source assessment



Two synoptic sampling events were available for Bear Creek.  Load calculations and source assessments are included in the following tables (Tables F-25, F-26, F-27, and F-28). 



		[bookmark: _Toc342654407]Table F-25. Total phosphorus loading on 8/26/2008 on Bear Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		BRO5

		5.16

		0.474

		65%



		BRO4

		2.78

		0.251

		34%



		BRO3

		3.47

		0.003

		0.4%



		BRO2

		4.97

		-0.265

		NA



		BR01

		6.24

		-0.096

		NA








		[bookmark: _Toc342654408]Table F-26. Existing load source assessment for total phosphorus on Bear Creek for 8/26/2008



		Source category

		BRO5

		BRO4

		BRO3

		Total



		Forest

		55.34

		27.75

		0.25

		83.35



		Agriculture

		9.77

		4.14

		0.06

		13.97



		Residential/Developed

		0.00

		0.00

		0.04

		0.04



		Subsurface wastewater disposal and treatment

		0.00

		2.59

		0.06

		2.65



		% of peak load

		65.11

		34.48

		0.41

		100







		[bookmark: _Toc342654409]Table F-27. Total phosphorus loading on 9/18/2009 on Bear Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		BRO5

		Not sampled



		BRO4

		0.32

		0.32

		93%



		BRO3

		0.35

		0.02

		7%



		BRO2

		0.21

		-0.14

		NA



		BR01

		0.18

		-0.02

		NA







		[bookmark: _Toc342654410]Table F-28. Existing load source assessment for total phosphorus on Bear Creek for 9/18/2009



		Source category

		BRO4

		BRO3

		Total



		Forest 

		75.13

		4.00

		79.13



		Agriculture

		11.2

		1.00

		12.2



		Residential/Developed

		0.00

		0.67

		0.67



		Subsurface wastewater disposal and treatment

		7.00

		1.00

		8



		% of peak load

		93.33

		6.67

		100







Mean percentages from the 2 sampling date analyses were calculated for the Bear Creek existing load assessment which did not include natural background. The source assessment determined that most of the phosphorus in the system originated upstream of the national forest boundary with only minor additions in the reaches downstream of the forest.  Natural background was calculated to be 42% of the TP load in Bear Creek. Source categories were uniformly decreased to account for this percentage (Figure F-10).





[bookmark: _Toc342654514]Figure F-10. Existing TP sources for Bear Creek



[bookmark: _Toc342654369]F5.2 Bridger Creek 

Bridger Creek is listed as impaired for nitrite + nitrate (N03+ N02) on the 2012 303(d) List. Figures and analysis for N03+ N02 source allocation are provided in this section.  Figure F-11 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654515]Figure F-11. Spatial data used for the Bridger Creek existing load source assessment



One synoptic sampling event was available for Bridger Creek.  Load calculations and source assessments are included in the following tables (Tables F-29, and F-30).



		[bookmark: _Toc342654411]Table F-29. N03+ N02 loading on 8/27/2008 on Bridger Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		BG06

		0.04

		0.04

		0.0%



		BG05

		0.71

		0.67

		6%



		BG04

		0.88

		0.17

		1%



		BG03

		1.99

		1.11

		9%



		BG02

		6.25

		4.26

		35%



		BG01

		12.10

		5.85

		48%







Most of the inorganic nitrogen loading in Bridger Creek occurs in the lower reaches below the canyon mouth and the USFWS Fish Tech Center and exceedances of the water quality target are limited to the reach below the Lyman Creek confluence.   



		[bookmark: _Toc342654412]Table F-30. Existing load source assessment for anthropogenic sources for N03+ N02 on 8/27/2008 on Bridger Creek



		Source category

		BG06

		BG05

		BGO4

		BGO3

		BGO2

		BGO1

		Total



		Forest

		0.35

		0.83

		0.21

		1.38

		5.28

		0.97

		9.01



		Agriculture

		0.00

		1.38

		0.83

		5.53

		22.89

		4.83

		35.46



		Residential/Developed

		0.00

		1.65

		0.21

		1.38

		3.52

		27.43

		34.19



		Subsurface wastewater disposal and treatment

		0.01

		1.65

		0.14

		0.92

		3.52

		9.67

		15.91



		USFWS Fish Tech

		0.00

		0.00

		0.00

		0.00

		0.00

		5.43

		5.43



		% of peak load

		0.36

		5.51

		1.39

		9.21

		35.21

		42.9

		100 







Natural background was estimated based on flow statistics for the 8/27/2008 sampling event and on data collected from spring sources in the Lyman Creek drainage and in Bridger Creek downstream of the canyon mouth.  Flow and water quality data from tributary streams, particularly Lyman Creek, were determined to constitute a large source of N03+ N02 from natural background and forest sources.  The data was not comprehensive enough to separate these sources.   This analysis determined forest/natural background to be 48% of the N03+ N02 load in Bridger Creek. Source categories were adjusted to account for this percentage (Figure F-12).





[bookmark: _Toc342654516]Figure F-12. Existing N03+ N02 sources for Bridger Creek



[bookmark: _Toc342654370]F5.3 Camp Creek 

Camp Creek is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-13 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654517]Figure F-13. Spatial data used for the Camp Creek existing load source assessment



Valley Ditch, which transports flows from the West Fork Gallatin River and Godfrey Creek joins Camp Creek downstream of CP02B and is re-diverted from Camp Creek ~400 feet downstream of where it entered north of Amsterdam Road.  This inter-basin water transfer is part of the change in load seen between CP02B and CP02A for TN and TP.  Between CP02A and CP02, 4 irrigation ditches flow into Camp Creek.  Moreland Ditch, which Godfrey Creek flows into, joins Camp Creek channel downstream of CP02A for a distance of ~125 feet before being re-diverted.  The White Ditch also joins Camp Creek before being re-diverted a short distance downstream.  Two smaller ditches, the Lewis Overflow ditch and the Lewis Ditch terminate in Camp Creek.  These additions to the channel are likely a large portion of the observed TN and TP load increase in the reach between CP02A and CP02.   



It is worth noting that all instream water quality concentrations for TN and TP upstream of site CP02 exceeded water quality targets.  While irrigation ditch networks added nutrient loads that originated outside the Camp Creek basin between CP02B and CP02, the Camp Creek watershed is still impaired for TN and TP from large additions within the Camp Creek watershed.  



One synoptic sampling event was available for Camp Creek.  Load calculations and source assessments are included in the following tables (Tables F-31, F-32, F-33, and F-34). 



		[bookmark: _Toc342654413]Table F-31. Total nitrogen loading on 9/23/2009 on Camp Creek



		Site ID

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		CP03A

		9.01

		9.01

		6%



		CP03

		30.23

		21.22

		14%



		CP02B

		36.35

		6.12

		4%



		CP02A

		37.70

		1.35

		1%



		CP02

		151.83

		114.12

		75%







		[bookmark: _Toc342654414]Table F-32. Existing load source assessment for anthropogenic sources for total nitrogen on 9/23/2009 on Camp Creek



		Source category

		CP03A

		CP03

		CP02B

		CP02A

		CP02

		Total



		Forest 

		0.00

		0.00

		0.00

		0.00

		0.00

		0.00



		Agriculture

		5.34

		11.74

		2.02

		0.76

		57.13

		76.99



		Residential/Developed

		0.00

		1.40

		1.61

		0.09

		7.52

		10.62



		Subsurface wastewater disposal and treatment*

		0.59

		0.84

		0.40

		0.04

		10.52

		12.39



		% of peak load

		5.93

		13.98

		4.03

		0.89

		75.17

		100



		*Includes loading estimate from the Amsterdam-Churchill WWTP







Natural background was determined to be 7% of the TN load. Source categories were adjusted to account for this percentage (Figure F-14).





[bookmark: _Toc342654518]Figure F-14. Existing TN sources for Camp Creek



		[bookmark: _Toc342654415]Table F-33. Total phosphorus loading on 9/23/2009 on Camp Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		CP03A

		0.59

		0.59

		22%



		CP03

		1.80

		1.21

		46%



		CP02B

		2.00

		0.20

		8%



		CP02A

		2.16

		0.16

		6%



		CP02

		2.65

		0.49

		18%







		[bookmark: _Toc342654416]Table F-34. Existing load source assessment for anthropogenic sources for total phosphorus on 9/23/2009 on Camp Creek



		Source category

		CP03A

		CP03

		CP02B

		CP02A

		CP02

		Total



		Forest 

		0.00

		0.00

		0.00

		0.00

		0.00

		0.00



		Agriculture

		21.05

		39.93

		4.99

		3.09

		13.75

		82.81



		Residential/Developed

		0.00

		4.59

		2.30

		0.59

		2.75

		10.24



		Subsurface wastewater disposal and treatment*

		1.11

		1.38

		0.38

		2.26

		1.83

		6.96



		% of peak load

		22.16

		45.90

		7.67

		5.94

		18.34

		100



		*Includes loading estimate from the Amsterdam-Churchill WWTP







Natural background was determined to be 10% of the TP load. Source categories were adjusted to account for this percentage (Figure F-15).





[bookmark: _Toc342654519]Figure F-15. Existing TP sources for Camp Creek



[bookmark: _Toc342654371]E5.4 Dry Creek 

Dry Creek is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-16 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654520]Figure F-16. Spatial data used for the Dry Creek existing load source assessment



Pass Creek flows into Dry Creek immediately downstream of site DY02 and was found to be a significant source area for TN and TP.  



One synoptic sampling event was available for Dry Creek.  Load calculations and source assessments are included in the following tables (Tables F-35, F-36, F-37, and F-38). 



		[bookmark: _Toc342654417]Table F-35. Total nitrogen loading on 9/21/09 on Dry Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		DY02

		8.32

		8.32

		16%



		DY01B

		45.90

		37.58

		74%



		DY01A

		23.25

		-22.65

		NA



		DY01

		28.43

		5.18

		10%







		[bookmark: _Toc342654418]Table F-36. Existing load source assessment for anthropogenic sources for total nitrogen on 9/21/2009 on Dry Creek



		Source category

		DY02

		DY01B

		DY01

		Total



		Forest 

		0.48

		4.44

		0.00

		4.92



		Agriculture

		15.20

		64.38

		5.50

		85.08



		Residential/Developed

		0.16

		0.74

		1.50

		2.40



		Subsurface wastewater disposal and treatment

		0.16

		4.44

		3.00

		7.60



		% of peak load

		16.00

		74.00

		10.00

		0.00







Natural background was determined to be 22% of the total nitrogen load in Dry Creek. Source categories were adjusted to account for this percentage (Figure F-17).





[bookmark: _Toc342654521]Figure F-17. Existing TN sources for Dry Creek



		[bookmark: _Toc342654419]Table F-37. Total phosphorus loading on 9/21/09 on Dry Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		DY02

		0.55

		0.55

		44%



		DY01B

		1.16

		0.61

		49%



		DY01A

		1.18

		0.02

		2%



		DY01

		1.24

		0.06

		5%







		[bookmark: _Toc342654420]Table F-38. Existing load source assessment for anthropogenic sources for total phosphorus on 9/21/2009 on Dry Creek



		Source category

		DY02

		DY01B

		DY01A

		DY01

		Total



		Forest 

		2.2

		1.96

		0

		0

		4.16



		Agriculture

		34.76

		34.79

		1.50

		3.75

		74.80



		Residential/Developed

		7.04

		8.82

		0.40

		1.00

		17.26



		Subsurface wastewater disposal and treatment

		0.00

		3.43

		0.10

		0.25

		3.78



		% of peak load

		44.00

		49.00

		2.00

		5.00

		0.00







Natural background was determined to be 48% of the total phosphorus load in Dry Creek. Source categories were adjusted to account for this percentage (Figure F-18).







[bookmark: _Toc342654522]Figure F-18. Existing TP sources for Dry Creek



[bookmark: _Toc342654372]F5.5 Lower Hyalite Creek

The lower segment of Hyalite Creek below the forest boundary is listed as impaired for total nitrogen on the 2012 303(d) List. Figures and analysis for TN source allocations are provided in this section. 
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[bookmark: _Toc342654523]Figure F-19. Spatial data used for lower Hyalite Creek existing load source assessment



A complete synoptic sampling event was completed on Hyalite Creek on 9/14/2009 from the upper segment to the mouth (Table F-39). This provided relative load and flow data for calculating forest and natural background TN loads from above the forest boundary. Sites upstream of HY05 are not displayed in Figure F-19 as they are in the middle and upper Hyalite Creek assessment units. 



		[bookmark: _Toc342654421]Table F-39. Total nitrogen loading on 9/14/2009 Hyalite Creek



		Hyalite Creek AU

		Site ID

		TN Load (lbs/day)

		Change in load from upstream

		% of peak load



		UPPER

		HY08

		4.68

		4.68

		2%



		MIDDLE

		HY04

		52.41

		47.73

		15%



		MIDDLE

		HY03

		51.72

		-0.69

		NA



		LOWER

		HY05

		42.03

		-9.70

		NA



		LOWER

		HY02

		22.75

		-19.28

		NA



		LOWER

		HY01

		285.85

		263.10

		83%







Flow data from the sampling event indicate the impacts of irrigation and water supply diversions from Hyalite Creek in the lower segment particularly between HY02 and HY01 (Table F-40). 






		[bookmark: _Toc342654422]Table F-40. Discharge at sampled locations on 9/14/2009 Hyalite Creek



		Site ID

		Flow (cfs)

		

		



		HY08

		9.68

		

		



		HY04

		61.0

		

		



		HY03

		68.8

		

		



		HY05

		65.22

		

		



		HY02

		6.62

		

		



		HY01

		27.87

		

		







For the source assessment using the 9/14/2009 data, the load to Hyalite Creek via Buster Gulch was omitted as that source is being addressed by a different TMDL on the middle segment of the East Gallatin River (Table F-41 and F-42). 



		[bookmark: _Toc342654423]Table F-41. Total nitrogen loading on 9/14/09 on Lower Hyalite Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		HY05

		42.03

		42.03

		18%



		HY02

		22.75

		-19.28

		NA



		HY01

		209.24

		186.49

		82%







		[bookmark: _Toc342654424]Table F-42. Existing load source assessment for anthropogenic sources for total nitrogen on 9/14/2009 Lower Hyalite Creek 



		Source category

		HY05

		HY01

		Total



		Forest 

		12.40

		0.00

		12.40



		Agriculture

		1.38

		40.53

		41.90



		Residential/Developed

		0.00

		10.35

		10.35



		Subsurface wastewater disposal and treatment

		0.00

		35.35

		35.35



		% of peak load

		13.77

		86.23

		100.00







Figure F-20 reflects the existing source assessment for Lower Hyalite Creek minus the TN load transported to Hyalite Creek from the East Gallatin River via Buster Gulch. Buster Gulch flows into Hyalite Creek ~ 1.5 miles above the mouth (East Gallatin River) and has little impact on the overall water quality of the reach which is 21 miles in length.  Flow in Buster Gulch was assumed to be a constant 8 cfs and approximately 24% of the TN load at the mouth of Hyalite Creek based on East Gallatin River TN concentrations upstream of the Buster Gulch diversion.  The Buster Gulch TN load was removed from the Hyalite Creek source assessment as it impacts only the very downstream end of the assessment unit and its nutrient loads are being addressed in a separate assessment unit (Section F6.2 - middle segment of the East Gallatin River between Bridger Creek and Hyalite Creek confluences).  



Natural background was determined to be 20% of the existing TN load in the lower segment of Hyalite Creek downstream of the forest boundary. 





[bookmark: _Toc342654524]Figure F-20. Existing TN sources for Lower Hyalite Creek



[bookmark: _Toc342654373]F5.6 Jackson Creek 

Jackson Creek is listed as impaired for total phosphorus on the 2012 303(d) list. Figures and analysis for TP source allocations are provided in this section.  Figure F-21 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654525]Figure F-21. Spatial data used for the Jackson Creek existing load source assessment



Two synoptic sampling events were available for Jackson Creek.  Load calculations and source assessments are included in the following tables (Tables F-43, F-44, F-45, and F-46). 



		[bookmark: _Toc342654425]Table F-43. Total phosphorus loading on 8/28/2008 on Jackson Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		JK03

		0.09

		0.09

		0.21



		JK02

		0.44

		0.34

		0.79







		[bookmark: _Toc342654426]Table F-44. Existing load source assessment for anthropogenic sources for total phosphorus on 8/28/2008 on Jackson Creek



		Source category

		JK03

		JK02

		Total



		Forest 

		13.90

		7.86

		21.76



		Agriculture

		3.21

		58.97

		62.17



		Residential/Developed

		4.28

		11.79

		16.07



		Subsurface wastewater disposal and treatment

		0.00

		0.00

		0.00



		% of peak load

		21.39

		78.62

		100.00







		[bookmark: _Toc342654427]Table F-45. Total phosphorus loading on 9/18/2009 on Jackson Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		JK02A

		0.08

		0.08

		33%



		JK01B

		0.18

		0.09

		36%



		JK01A

		0.26

		0.08

		31%







		[bookmark: _Toc342654428]Table F-46. Existing load source assessment for anthropogenic sources for total phosphorus on 9/18/2009 on Jackson Creek



		Source category

		JK02A

		JK01B

		JK01A

		Total



		Forest

		26.20

		1.82

		0.00

		28.02



		Agriculture

		1.64

		31.01

		29.23

		61.88



		Residential/Developed

		4.91

		1.82

		0.00

		6.73



		Subsurface wastewater disposal and treatment

		0.00

		1.82

		1.54

		3.36



		% of peak load

		32.75

		36.47

		30.77

		100.00







Mean percentages from the 2 sampling date analyses were calculated for the Jackson Creek existing load assessment which did not include natural background. Natural background was determined to be 77% of the TP load in Jackson Creek as Jackson Creek is relatively un-impacted by anthropogenic TP sources.  Source categories were adjusted to account for this percentage (Figure F-22).





[bookmark: _Toc342654526]Figure F-22. Existing TP sources for Jackson Creek



[bookmark: _Toc342654374]F5.7 Mandeville Creek 

Mandeville Creek is impaired for total phosphorus and total nitrogen based on available water quality data. Mandeville Creek does not appear on the 2012 303(d) List but will be added to the 2014 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-23 displays the stream sampling locations and other environmental data including septic density and hydrography.



[image: F:\CB0176\TMDL TPAs\Lower Gallatin\TMDL Document\Figures\Assessments\Mandeville_Creek.jpg]

[bookmark: _Toc342654527]Figure F-23. Spatial data used for the Mandeville Creek existing load source assessment



In the lower segment of Mandeville Creek, Farmers Canal terminates in the creek.  The load from this source area is difficult to quantify but was assumed to comprise a large portion of the observed load increases between MANVCO2 and MANVC01.  The Middle Creek Ditch carrying flows from Hyalite Creek passes through the uppermost are of the basin but did not appear to contribute flows to Mandeville Creek.



Mandeville Creek was sampled at both sample locations in 9 separate events from 2009-2011. The complete dataset was analyzed to determine the relative total load contributions are each sampling point. For total nitrogen, 22.9% of the TN load was observed at MANCOV2 and 77.1% was observed at the downstream location MANCOV1 on average. These relative percentages were used to determine the existing source allocation (Table F-47). Natural background was determined to be 6% of the TN load. Source categories were adjusted to account for this percentage (Figure F-24).



		[bookmark: _Toc342654429]Table F-47. Existing load source assessment for anthropogenic sources for total nitrogen for Mandeville Creek



		Source category

		MANCOV2

		MANCOV1

		Total



		Forest 

		0.00

		0.00

		0.00



		Agriculture

		19.46

		36.24

		55.71



		Residential/Developed

		3.44

		38.55

		41.99



		Subsurface wastewater disposal and treatment

		0.00

		2.31

		2.31



		% of peak load

		22.90

		77.10

		100.00









[bookmark: _Toc342654528]Figure F-24. Existing TN sources for Mandeville Creek



Analyzing the available dataset for total phosphorus, 19.9% of the TP load was observed at MANCOV2 and 80.1% was observed at the downstream location MANCOV1 on average. These relative percentages were used to determine the existing source allocation (Table F-48). Natural background was determined to be 12% of the TP load. Source categories were adjusted to account for this percentage (Figure F-25).



		[bookmark: _Toc342654430]Table F-48. Existing load source assessment for anthropogenic sources for total phosphorus for Mandeville Creek



		Source category

		MANCOV2

		MANCOV1

		Total



		Forest 

		0.00

		0.00

		0.00



		Agriculture

		16.92

		32.04

		48.96



		Residential/Developed

		2.99

		47.26

		50.24



		Subsurface wastewater disposal and treatment

		0.00

		0.80

		0.80



		% of peak load

		19.91

		80.10

		100.00









[bookmark: _Toc342654529]Figure F-25. Existing TP sources for Mandeville Creek



[bookmark: _Toc342654375]F5.8 Reese Creek

Reese Creek is listed as impaired for total nitrogen and nitrite+nitrate (N03+ N02) on the 2012 303(d) List. Figures and analysis for TN and N03+ N02 source allocations are provided in this section.  Figure F-26 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654530]Figure F-26. Spatial data used for the Reese Creek existing load source assessment



One synoptic sampling event was available for Reese Creek on 9/17/2009 (Table F-49 and F-50). 



		[bookmark: _Toc342654431]Table F-49. Total nitrogen loading on 9/17/2009 on Reese Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		RS02

		20.06

		20.06

		0.50



		RS01B

		40.06

		20.01

		0.50



		RS01A

		26.98

		-13.08

		NA



		RS01C

		18.61

		-8.38

		NA







		[bookmark: _Toc342654432]Table F-50. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 on Reese Creek



		Source category

		RS02

		RS01B

		Total



		Forest 

		12.50

		11.50

		24.00



		Agriculture

		34.00

		30.50

		64.50



		Residential/Developed

		0.00

		0.50

		0.50



		Subsurface wastewater disposal and treatment

		3.50

		7.50

		11.00



		% of peak load

		50.00

		50.00

		100.00







Natural background was determined to be 13% of the existing load. Source categories were adjusted to account for this percentage (Figure F-27).





[bookmark: _Toc342654531]Figure F-27. Existing TN sources for Reese Creek



		[bookmark: _Toc342654433]Table F-51. N03+ N02 loading on 9/17/2009 on Reese Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		RS02

		15.03

		12.96

		40%



		RS01B

		34.26

		19.22

		60%



		RS01A

		22.75

		-11.50

		NA



		RS01C

		14.69

		-8.06

		NA







		[bookmark: _Toc342654434]Table F-52. Existing load source assessment for anthropogenic sources for N03+ N02 on 9/17/2009 on Reese Creek



		Source category

		RS02

		RS01B

		Total



		Forest 

		8.78

		10.10

		18.88



		Agriculture

		32.91

		40.40

		73.31



		Residential/Developed

		0.00

		0.56

		0.56



		Subsurface wastewater disposal and treatment

		2.19

		5.05

		7.24



		% of peak load

		43.88

		56.12

		100.00







For natural background, water quality data collected by the MBMG above the forest boundary was used to estimate the natural background load in Reese Creek and was incorporated into the source assessment methodology outlined in Table F-51 and F-52. The combined forest/natural background allocation to the existing load was determined to be 19%.  Source categories were adjusted to account for this percentage (Figure F-28).





[bookmark: _Toc342654532]Figure F-28. Existing N03+ N02 sources for Reese Creek



[bookmark: _Toc342654376]F5.9 Smith Creek 

Smith Creek is listed as impaired for total nitrogen and nitrite+nitrate (N03+ N02) on the 2012 303(d) List. Figures and analysis for TN and N03+ N02 source allocations are provided in this section. 



Smith Creek presented an interesting case where an irrigation canal conveyed East Gallatin River water to the Smith Creek drainage. The Dry Creek Irrigation Canal flows northward from the East Gallatin River and intersects Ross Creek (Figure F-29). At this point, flows from the canal and Ross Creek continue northward in the same channel. Ross Creek originally continued northeastward to its confluence with Smith Creek but is now channelized along a private road to where it meets Reese Creek. At this intersection of flow, Ross Creek/Dry Creek Irrigation Canal flow up from the south and join Reese Creek from the east. The Dry Creek Irrigation Canal continues northward. The confluence marks the start of Smith Creek which flows westward to the East Gallatin River. As there is not a headgate or diversion that separates flows at this intersection, water quality analyses assumed that during the summer period Reese Creek flows are forced into the Dry Creek Irrigation Canal which flows northward with a mix of Ross Creek, Reese Creek and East Gallatin River flows. Smith Creek flows westward with a mixture of Ross Creek and East Gallatin River flow. Under this assumption, the Reese Creek watershed is not a source area of nutrient impairments on Smith Creek during the summer period when the irrigation canal is flowing. The nutrient load from the East Gallatin River was included in the analyses because it impacts the entire length of Smith Creek. 
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[bookmark: _Toc342654533]Figure F-29. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrigation Canal



The source assessment of the existing load used data collected on the East Gallatin River as well as the Ross Creek drainage. Figure F-30 displays only those sample locations on Smith Creek. 
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[bookmark: _Toc342654534]Figure F-30. Spatial data used for the Smith Creek existing load source assessment



Flow and nutrient load analyses determined that 63% of the load in Smith Creek originated from the East Gallatin River and 37% from the Ross Creek drainage (Table F-55). TN loads did not increase in the Smith Creek basin between sampling points. 



		[bookmark: _Toc342654435]Table F-53. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 on Smith Creek



		Source category

		From East Gallatin River

		From Ross Creek drainage

		From Smith Creek drainage

		Total



		Forest 

		3.15

		3.42

		0.00

		6.57



		Agriculture

		22.70

		33.25

		0.00

		55.95



		Residential/Developed

		2.52

		0.00

		0.00

		26.45



		Subsurface wastewater disposal and treatment

		10.70

		0.32

		0.00

		11.03



		City of Bozeman WRF

		23.93

		0.00

		0.00

		23.93



		% of peak load

		63.01

		36.99

		0.00

		100.00







In order to identify the source assessment specific to the Smith Creek drainage without the influence of the Dry Creek irrigation canal, the Smith Creek source assessment (Table F-54) includes only the source assessment for the Ross Creek drainage, as TN concentrations did not increase between sampling locations on Smith Creek.  This removes the East Gallatin River TN load from the Smith Creek assessment as that source is addressed in a separate source assessment and TMDL (Section F6.2).



		[bookmark: _Toc342654436]Table F-54. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 on Ross Creek



		Source category

		From Ross Creek drainage



		Forest 

		9.25



		Agriculture

		89.89



		Residential/Developed

		0.00



		Subsurface wastewater disposal and treatment

		0.87



		% of peak load

		100.00







Natural background was determined to be 21% of the existing load in Smith Creek after removing the influence of flow and load from the Dry Creek Irrigation Canal (source = East Gallatin River) (Figure F-31).







[bookmark: _Toc342654535]Figure F-31. Existing TN sources for Smith Creek



For NO2NO3 flow and load analyses determined that 61% of the load in Smith Creek originated from the East Gallatin River and 39% from the Ross Creek drainage (Table F-55). Nitrate+nitrite (NO2NO3) loads did not increase in Smith Creek between sampling points. 











		[bookmark: _Toc342654437]Table F-55. Existing load source assessment for anthropogenic sources for NO2NO3 on 9/17/2009 on Smith Creek



		Source category

		From East Gallatin River

		From Ross Creek drainage

		From Smith Creek drainage

		Total



		Forest/Natural background

		3.50

		3.60

		0.00

		7.11



		Agriculture

		25.21

		35.05

		0.00

		60.27



		Residential/Developed

		2.80

		0.00

		0.00

		2.80



		Subsurface wastewater disposal and treatment

		11.82

		0.34

		0.00

		12.16



		City of Bozeman WRF

		17.67

		0.00

		0.00

		17.67



		% of peak load

		61.00

		39.00

		0.00

		100.00







In order to identify the source assessment specific to the Smith Creek drainage without the influence of the Dry Creek irrigation canal, the Smith Creek source assessment (Table F-56) includes only the source assessment for the Ross Creek drainage, as TN concentrations did not increase between sampling locations on Smith Creek.  This removes the East Gallatin River NO2 + NO3 load from the Smith Creek assessment as that source is addressed in a separate source assessment and TMDL (Section F6.2).



		[bookmark: _Toc342654438]Table F-56. Existing load source assessment for anthropogenic sources for NO2NO3 on 9/17/2009 on Ross Creek



		Source category

		From Ross Creek drainage



		Forest/Natural background

		9.24



		Agriculture

		89.88



		Residential/Developed

		0.00



		Subsurface wastewater disposal and treatment

		0.87



		% of peak load

		100.00







For natural background, water quality data collected by the MBMG above the forest boundary was used to estimate the natural background load in Ross Creek and was incorporated into the source assessment methodology outlined in Table F-55 for Smith Creek.   The forest/natural background load was determined to be 9% of the existing load.  Source categories were adjusted to account for this percentage (Figure F-32).





[bookmark: _Toc342654536]Figure F-32. Existing N03+ N02 sources for Smith Creek



[bookmark: _Toc342654377]F5.10 Thompson Creek

Thompson Creek is listed as impaired for total nitrogen on the 2012 303(d) List. Figures and analysis for TN source allocations are provided in this section.  Figure F-33 displays the stream sampling locations and other environmental data including septic density and hydrography.
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[bookmark: _Toc342654537]Figure F-33. Spatial data used for the Thompson Creek existing load source assessment



One synoptic sampling event was available for Thompson Creek.  Load calculations and source assessments are included in the following tables (Tables F-57 and F-58). 



		[bookmark: _Toc342654439]Table F-57. TN loading on 9/21/2009 on Thompson Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		TH02A

		16.54

		16.54

		18%



		THO2

		43.51

		26.97

		30%



		THO1A

		88.57

		45.06

		50%



		THO1

		89.49

		0.92

		1%







		[bookmark: _Toc342654440]Table F-58. Existing load source assessment for anthropogenic sources for total nitrogen on 9/21/2009 on Thompson Creek



		Source category

		TH02A

		THO2

		THO1A

		THO1

		Total



		Forest 

		0.00

		0.00

		0.00

		0.00

		0.00



		Agriculture

		17.93

		27.43

		45.82

		0.99

		92.16



		Residential/Developed

		0.18

		1.81

		3.52

		0.04

		5.56



		Subsurface wastewater disposal and treatment

		0.37

		0.90

		1.01

		0.00

		2.28



		% of peak load

		18.48

		30.14

		50.35

		1.03

		100.00







Natural background was calculated using flow statistics and DEQ reference data. Natural background was calculated as 9% of the existing load. Source categories were adjusted to account for this percentage (Figure F-34). 





[bookmark: _Toc342654538]Figure F-34. Existing TN sources for Thompson Creek



[bookmark: _Toc342654378]F6.0 Existing Load Source Assessments for TN and TP for the East Gallatin River

Source assessments for TN and TP on the East Gallatin River presented some unique challenges, foremost among them determining the effect of upgrades to the city of Bozeman WRF in 2007 and 2011 on downstream water quality. Water quality data collected on the East Gallatin River downstream of the WRF were decreased based on the estimated percentage of flow at a specific location attributable to the WRF.  Compared with the long-term, 30-day daily average concentrations and discharge from the facility, completed plant upgrades equate to a 71.7% reduction in TN loading for data collected before November 2007 and a 54% reduction in TN for data collected after November 2007 and before October 2011. For TP, the recent upgrade translates to an 86% reduction in TP for data collected before November 2007 and 81.5% reduction for data collected after November 2007 and before October 2011. These estimates were based on the 80th percentile of the discharge monitoring report (DMR) data for those time periods and the current treatment limits of the facility. The DMR data was used to calculate the 30-day average daily TN and TP loads to the East Gallatin River. The long-term average discharge from the facility is 5.87 million gallons per day (MGD) (9.10 cfs), which was used to determine the average loading from the WRF at effluent concentrations of 5 mg/L TN and 0.5 mg/L TP.



The following source assessments account for the WRF upgrade and reflect existing summer period load conditions in the East Gallatin River. Source assessments performed on tributaries to the East Gallatin River were incorporated into the analysis. 



Due to the influence of the Level IV Absaroka-Gallatin-Volcanics on water quality targets in the East Gallatin River, source assessments in the East Gallatin River will be presented as defined by instream water quality targets for TN and TP.  This is same approach used in Section 6 in the document to present the TMDLs.  For the upper East Gallatin River, this means that the source assessment is presented for the reaches upstream and downstream of the Bozeman Creek confluence.  For the middle segment, this approach was also used to describe the source assessments upstream and downstream of the Hyalite Creek confluence.  



[bookmark: _Toc342654379]F6.1 Upper East Gallatin River 

The upper segment of the East Gallatin River is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-35 displays the stream sampling locations and other environmental data including septic density and hydrography. In Figure F-35, Bozeman Creek flows into the East Gallatin River ~0.3 miles upstream of site EG03. 



Upstream tributary data from Bear, Rocky and Jackson Creeks were used to determine the source allocations in upper reaches of the segment (Figure F-35).  As most of the nutrient loading originates in the Bozeman Creek drainage which flows in to the East Gallatin River immediately upstream of EG03, sample data and existing load allocations from the Bozeman Creek watershed were used for the upper segment of the East Gallatin River as well. The upper segment does not include Bridger Creek which is the start of the middle segment of the East Gallatin River.  
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[bookmark: _Toc342654539]Figure F-35. Spatial data used for the Upper East Gallatin existing load source assessment



One synoptic sampling event was available for the upper segment of the East Gallatin River.  Load calculations and source assessments are included in the following tables (Tables F-59, F-60).  Sampling locations EG03 and EG04 are located on the East Gallatin River downstream of the Bozeman Creek confluence and upstream of the Bridger Creek confluence. 



		[bookmark: _Toc342654441]Table F-59. Total nitrogen loading on 9/2/2008 on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek



		Site ID

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		EG03

		113.74

		113.74

		100%



		EG04

		96.50

		-17.24

		NA







		[bookmark: _Toc342654442]Table F-60. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek



		Source category

		EG03

		Total



		Forest 

		4

		4



		Agriculture

		40

		40



		Residential/Developed

		36

		36



		Subsurface wastewater disposal and treatment

		20

		20



		% of peak load

		100

		100







As there are different natural background concentrations for the East Gallatin River upstream and downstream of the Bozeman Creek confluence, the source assessment was further divided to reflect these differences.  For the upper segment, source assessments for Bear Creek and Rocky/Jackson Creeks were used.  For the lower segment, the relative flow contribution from Bozeman Creek in conjunction with a source assessment for the East Gallatin River between the Bozeman Creek and Bridger Creek confluences was used. 



In Figure F-61, the main differences in the source assessment as defined by the entry of Bozeman Creek are a decrease in the influence of agriculture and an increase in residential/developed sources.  



		[bookmark: _Toc342654443]Table F-61. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 on the East Gallatin River upstream of Bridger Creek 



		Source category

		Upstream of Bozeman Creek

		Downstream of Bozeman Creek



		Forest 

		3.77

		3.20



		Agriculture

		54.72

		35.49



		Residential/Developed

		16.98

		40.10



		Subsurface wastewater disposal and treatment

		24.53

		21.21



		% of peak load

		100.00

		100.00







Upstream of Bozeman Creek, natural background was determined to be 22% of the existing TN load (Figure F-36).  Downstream of Bozeman Creek and upstream of Bridger Creek, natural background was determined to be 26% of the existing TN load (Figure F-37).  Existing load source assessments were uniformly decreased to account for calculated natural background (Table F-2) and source area differences (Bozeman Creek drainage versus the Rocky and Bear Creek drainages).  The median flow and TN and TP concentrations for the different segments as defined by Bozeman Creek were used to determine natural background.  









[bookmark: _Toc342654540]Figure F-36. Existing TN sources for Upper East Gallatin River upstream of Bozeman Creek



		



[bookmark: _Toc342654444]

[bookmark: _Toc342654541]Figure F-37. Existing TN sources for Upper East Gallatin River downstream of Bozeman Creek





The same method used to determine existing sources upstream and downstream of Bozeman Creek for TN in the upper segment of the East Gallatin River was applied for TP (Table F-62 and F-63).  



[bookmark: _Toc342654445]Table F-62. Total phosphorus loading on 9/2/2008 on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		EG03

		10.24

		10.24

		96.5%



		EG04

		10.61

		0.39

		3.5%







		[bookmark: _Toc342654446]Table F-63. Existing load source assessment for anthropogenic sources for total phosphorus on 9/2/2008 on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek



		Source category

		EG03

		EG04

		Total



		Forest 

		16.60

		0.00

		16.60



		Agriculture

		24.59

		0.35

		24.94



		Residential/Developed

		43.03

		2.45

		45.48



		Subsurface wastewater disposal and treatment

		12.29

		0.70

		12.99



		% of peak load

		96.5

		3.5

		100.00 









In Table F-64¸the biggest differences in TP sources as defined by the confluence of Bozeman Creek was a decrease in forest and agricultural sources and a large increase in residential and subsurface wastewater disposal and treatment sources.  



		[bookmark: _Toc342654447]Table F-64. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 on the East Gallatin River upstream of Bridger Creek 



		Source category

		Upstream of Bozeman Creek

		Downstream of Bozeman Creek



		Forest 

		40.26

		9.52



		Agriculture

		48.05

		19.05



		Residential/Developed

		7.79

		52.38



		Subsurface wastewater disposal and treatment

		3.90

		19.05



		% of peak load

		100.00

		100.00







Natural background was determined to be 44% of the existing TP load in the reach upstream of the Bozeman Creek confluence (Figure F-38) and 86% in the reach between the Bozeman Creek confluence and the Bridger Creek confluence (Figure F-39).  This is a result of the naturally occurring phosphorus in the Level IV ecoregion Absaroka-Gallatin-Volcanics which occurs in the upper reaches of Bozeman Creek and Hyalite Creek in the East Gallatin River watershed.





[bookmark: _Toc342654542]Figure F-38. Existing TP sources for Upper East Gallatin River upstream of Bozeman Creek











[bookmark: _Toc342654543]Figure F-39. Existing TP sources for Upper East Gallatin River downstream of Bozeman Creek



[bookmark: _Toc342654380]F6.2 Middle East Gallatin River 

The middle segment of the East Gallatin River is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-40 displays the stream sampling locations and other environmental data including septic density and hydrography.



In the middle segment of the East Gallatin River, tributary data from both TMDL streams and unlisted waterbodies was used to evaluate and determine existing load source allocations. There was extensive data available for this segment which was used in addition to the synoptic sampling. This segment includes the discharge from the city of Bozeman Water Reclamation Facility (WRF) and the subsurface wastewater treatment and disposal load from the Belgrade area via Ben Hart Creek and the Riverside Water and Sewer District WWTP.  



As outlined earlier, 2 source assessments were done for the middle segment as split by Hyalite Creek which enters the East Gallatin River between sampling locations EG09 and EG10 (Figure F-40). Existing load and natural background calculations were not determined using median values of all available instream water quality data as was done for other nutrient impaired waterbodies in the Lower Gallatin project area.  Because of the complex nature of the East Gallatin River with large nutrient point sources (city of Bozeman WRF) and substantial irrigation diversions and returns (i.e. Buster Gulch, Dry Creek Irrigation Canal), load estimates and natural background calculations were determined using specific site data for each segment.  Sites were selected that best represented hydrologic and water quality conditions.  For the middle segment of the East Gallatin River upstream of Hyalite Creek, flow and water quality data from site EG07 was used and downstream of the Hyalite Creek confluence data from site EG10 was used.  Concentration data was reduced based on WRF upgrades in 2007 and 2011 as outlined at the beginning of Section F6.0.



Site EG07 is located downstream of the WRF discharge to the East Gallatin River and upstream of the Buster Gulch diversion.  Site EG10 is located downstream of the Hyalite Creek confluence (and Buster Gulch return) and upstream of the Dry Creek Irrigation Canal diversion.  



[image: F:\CB0176\TMDL TPAs\Lower Gallatin\TMDL Document\Figures\Assessments\Middle_East_Gallatin.jpg]

[bookmark: _Toc342654544]Figure F-40. Spatial data used for the Middle East Gallatin existing load source assessment



One synoptic sampling event was available for the middle segment of the East Gallatin River.  Load calculations and source assessments for the middle segment upstream of the Hyalite Creek confluence are included in the following tables (Tables F-64 and F-65).  Figures F-39 and F-40 are the existing load allocations for TN and TP from the source assessment.  In Table F-65, the most significant increase in the TN load occurs at EG07 downstream of the WRF discharge.  



		[bookmark: _Toc342654448]Table F-65. Total nitrogen loading on 9/16/2009 on the East Gallatin River from Bridger Creek to Hyalite Creek confluence



		Site ID

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		EG05

		87.50

		80.78

		27%



		EG05A

		129.22

		41.72

		14%



		EG06A

		99.04

		-30.18

		NA



		EG07

		274.32

		175.28

		59%



		EG07A

		269.40

		-4.91

		NA



		EG09

		106.67

		-162.74

		NA







		[bookmark: _Toc342654449]Table F-66. Existing load source assessment for anthropogenic sources for total nitrogen on 9/16/2009 on the East Gallatin River from Bridger Creek to Hyalite Creek confluence



		Source category

		EG05

		EG05A

		EG07

		Total



		Forest 

		1.78

		0.00

		0.00

		1.78



		Agriculture

		7.85

		8.27

		3.53

		19.65



		Residential/Developed

		10.71

		5.25

		8.89

		24.85



		Subsurface wastewater disposal and treatment*

		6.07

		0.49

		0.53

		7.09



		USFWS Fish Tech Center

		0.71

		0.00

		0.00

		0.71



		City of Bozeman WRF

		 0.00

		0.00

		45.91

		45.91



		% of peak load

		27.13

		14.01

		58.86

		100.00



		*Includes loading estimate from the Riverside Water and Sewer District WWTP 







Based on the median flow and TN concentration at EGO7, natural background in the segment upstream of the Hyalite Creek confluence was determined to be 11% of the existing load (Figure F-41).  The city of Bozeman WRF is the largest TN source in this segment. 



[bookmark: _Toc342654545]Figure F-41. Existing TN sources for the Middle East Gallatin River upstream of Hyalite Creek



Load calculations and source assessments for the middle segment downstream of the Hyalite Creek confluence are included in the following tables (Tables F-67 and F-68).  



		[bookmark: _Toc342654450]Table F-67. Total nitrogen loading on 9/16/2009 on the East Gallatin River from Hyalite Creek to Smith Creek confluence



		Site ID

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		EG10

		341.00

		341.00

		94%



		EG11

		363.28

		22.28

		6%



		

Hyalite Creek, which flows into the middle segment of the East Gallatin River upstream of EG10, delivers a large TN load and flow contribution to the East Gallatin River.  Overall, agriculture and the WRF are the two largest contributors to the existing TN load. 



[bookmark: _Toc342654451]Table F-68. Existing load source assessment for anthropogenic sources for total nitrogen on 9/16/2009 on the East Gallatin River from Hyalite Creek to Smith Creek confluence



		Source category

		EG10

		EG11

		Total



		Forest 

		6.92

		0.00

		6.92



		Agriculture

		33.45

		4.58

		38.03



		Residential/Developed

		4.96

		0.25

		5.21



		Subsurface wastewater disposal and treatment

		19.48

		0.12

		19.60



		USFWS Fish Tech Center

		0.00

		0.00

		0.00



		City of Bozeman WRF

		29.05

		1.19

		30.24



		% of peak load

		93.87

		6.13

		100.00



		*Includes loading estimate from the Riverside Water and Sewer District WWTP







Based on the median flow and TN concentration at EG10, natural background in the segment downstream of the Hyalite Creek confluence was determined to be 10% of the existing load (Figure F-42).  





[bookmark: _Toc342654546]Figure F-42. Existing TN sources for the Middle East Gallatin River downstream of Hyalite Creek



		[bookmark: _Toc342654452]Table F-69. Total phosphorus loading on 9/16/2009 on the East Gallatin River from Bridger Creek to Hyalite Creek confluence



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		EG05

		4.47

		4.24

		13%



		EG05A

		5.92

		1.45

		5%



		EG06A

		5.48

		-0.44

		NA



		EG07

		31.68

		26.20

		81%



		EG07A

		32.06

		0.38

		1%



		EG09

		13.10

		-18.95

		NA









		[bookmark: _Toc342654453]Table F-70. Existing load source assessment for anthropogenic sources for total phosphorus on 9/16/2009 on the East Gallatin River from Bridger Creek to Hyalite Creek confluence



		Source category

		EG05

		EG05A

		EG07

		EG07A

		Total



		Forest 

		2.16

		0.00

		0.00

		0.00

		2.16



		Agriculture

		3.33

		2.25

		0.00

		0.00

		5.57



		Residential/Developed

		5.99

		2.20

		2.24

		0.03

		10.47



		Subsurface wastewater disposal and treatment

		1.66

		0.04

		3.04

		0.04

		4.79



		City of Bozeman WRF

		0.00

		0.00

		75.92

		1.09

		77.01



		% of peak load

		13.15

		4.49

		81.20

		1.17

		100.0



		*Includes loading estimate from the Riverside Water and Sewer District WWTP







Based on the median flow and TP concentration at EG07, natural background in the segment downstream of the Hyalite Creek confluence was determined to be 11% of the existing load (Figure F-44).  The largest contributing source is the city of Bozeman WRF. 





[bookmark: _Toc342654547]Figure F-43. Existing TP sources for the Middle East Gallatin River downstream of Hyalite Creek





		[bookmark: _Toc342654454]Table F-71. Total phosphorus loading on 9/16/2009 on the East Gallatin River from Hyalite Creek to Smith Creek confluence



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		EG10

		28.40

		15.29

		100



		EG11

		23.93

		-4.47

		NA









		[bookmark: _Toc342654455]Table F-72. Existing load source assessment for anthropogenic sources for total phosphorus on 9/16/2009 on the East Gallatin River from Hyalite Creek to Smith Creek confluence



		Source category

		EG10

		Total



		Forest 

		0.00

		0.00



		Agriculture

		10.49

		10.49



		Residential/Developed

		6.98

		6.98



		Subsurface wastewater disposal and treatment

		5.34

		5.34



		City of Bozeman WRF

		77.19

		77.19



		% of peak load

		100.00

		100.00



		*Includes loading estimate from the Riverside Water and Sewer District WWTP







Based on the median flow and TP concentration at EG10, natural background in the segment downstream of the Hyalite Creek confluence was determined to be 28% of the existing load (Figure F-44).  The increase in natural background load compared with the segment upstream of Hyalite Creek is due to the naturally occurring phosphorus loads in Level IV ecoregion Absaroka-Gallatin-Volcanics which occurs in the upper reaches of Hyalite Creek.  The largest contributing source is the city of Bozeman WRF discharge.   







[bookmark: _Toc342654548]Figure F-44. Existing TP sources for the Middle East Gallatin River downstream of Hyalite Creek



[bookmark: _Toc342654381]F6.3 Lower East Gallatin River 

The lower segment of the East Gallatin River is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this section.  Figure F-45 displays the stream sampling locations and other environmental data including septic density and hydrography.



Although there was a good dataset available for this segment, there were few synoptic sampling events. However, the September 2009 sampling event did sample many of the smaller tributaries to the lower segment including Ben Hart Creek, Cowan Creek, Gibson Creek, Stony Creek, Thompson Creek, and Ben Hart Creek in addition to sites on the mainstem. Source assessment work was also done on Dry Creek and Smith Creek which flow into the East Gallatin River in this segment. These resources were used to determine the existing load source allocation for the lower segment. The Manhattan WWTP discharges to groundwater which drains to the Gallatin River and was not included in the Lower East Gallatin River existing load assessment as it does not impact the East Gallatin River. 



Because of the complex nature of the East Gallatin River with large nutrient point sources (city of Bozeman WRF) and substantial irrigation diversions and returns (i.e. Buster Gulch, Dry Creek Irrigation Canal), load estimates and natural background calculations were determined using specific site data for each segment.  Sites were selected that best represented hydrologic and water quality conditions.  For the lower segment of the East Gallatin River downstream of Smith Creek, median flow and water quality data from site EG01 was used to calculate the existing load and natural background.  Concentration data was reduced based on WRF upgrades in 2007 and 2011 as outlined at the beginning of Section F6.0.



Site EG01 is located downstream of the confluences of Dry and Smith Creeks and downstream of the irrigation return from the Dry Creek Irrigation Canal.  EG01 is immediately upstream of the confluence of the East Gallatin River and the West Gallatin River.   



[image: F:\CB0176\TMDL TPAs\Lower Gallatin\TMDL Document\Figures\Assessments\Lower_East_Gallatin.jpg]

[bookmark: _Toc342654549]Figure F-45. Spatial data used for the Lower East Gallatin existing load source assessment



One synoptic sampling event was available for the lower segment of the East Gallatin River.  Load calculations and source assessments are included in the following tables (Tables F-73 and F-74). 



		[bookmark: _Toc342654456]Table F-73. Total nitrogen loading on 9/16/2009 on the East Gallatin River from Smith Creek to the Gallatin River



		Site ID

		TN load (lbs/day)

		Change in load from upstream

		% of peak load



		EG13

		704.11

		704.11

		86%



		EG01

		821.45

		117.34

		14%







		[bookmark: _Toc342654457]Table F-74. Existing load source assessment for anthropogenic sources for total nitrogen on 9/16/2009 on the East Gallatin River from Smith Creek to the Gallatin River



		Source category

		EG13

		EG01

		Total



		Forest 

		5.08

		0.00

		5.08



		Agriculture

		55.53

		13.64

		69.17



		Residential/Developed

		8.85

		0.16

		9.01



		Subsurface wastewater disposal and treatment

		9.65

		0.16

		9.81



		City of Bozeman WRF

		6.60

		0.32

		6.93



		% of peak load

		85.72

		14.28

		100.00



		*Includes loading estimate from the Riverside Water and Sewer District WWTP and the city of Belgrade WWTP







Based on the median flow and TN concentration at EG01, natural background in the segment downstream of the Hyalite Creek confluence was determined to be 9% of the existing load (Figure F-46).





[bookmark: _Toc342654550]Figure F-46. Existing TN sources for the Lower East Gallatin River



One synoptic sampling event was available for the lower segment of the East Gallatin River.  Load calculations and source assessments are included in the following tables (Tables F-75 and F-76). 



		[bookmark: _Toc342654458]Table F-75. Total phosphorus loading on 9/16/2009 on the East Gallatin River from Smith Creek to the Gallatin River



		Site ID

		TP load (lbs/day)

		Change in load from upstream

		% of peak load



		EG13

		25.47

		1.53

		1.00



		EG01

		19.16

		-6.31

		NA







		[bookmark: _Toc342654459]Table F-76. Existing load source assessment for anthropogenic sources for total phosphorus on 9/16/2009 on the East Gallatin River from Smith Creek to the Gallatin River



		Source category

		EG13

		Total



		Forest 

		2.97

		2.97



		Agriculture

		59.91

		59.91



		Residential/Developed

		17.89

		17.89



		Subsurface wastewater disposal and treatment

		8.76

		8.76



		City of Bozeman WRF

		10.47

		10.47



		% of peak load

		100.00

		100.00



		*Includes loading estimate from the Riverside Water and Sewer District WWTP and the city of Belgrade WWTP







Based on the median flow and TN concentration at EG01, natural background was determined to be 47% of the existing load (Figure F-47).





[bookmark: _Toc342654551]Figure F-47. Existing TP sources for the Lower East Gallatin River
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Godfrey Creek TN  

Godfrey 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	6.7375886524822697	90.119468085106377	1.0538652482269502	2.0890780141843974	Godfrey Creek TP  

Godfrey 	Forest 
<<1%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	18.518518518518515	76.777718518518512	3.9877037037037035	0.71548888888888884	Bozeman Creek TN  

Bozeman 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	11.643835616438359	1.9968493150684927	26.657054794520544	39.707260273972594	19.994999999999997	Bear Creek TP 

Bear 	Residential/ Developed
<1%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	41.666666666666671	47.389650106837607	7.6316506410256393	0.2064636752136749	3.1055689102564097	Bridger Creek N02N03

Bridger	Forest/Natural background	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	USFWS Fish Tech Center	48	16.867296760000002	16.264269052	7.5684347120000002	11.300645604415765	Camp Creek TN  

Camp	Residential/ Developed
10%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	7.3643410852713167	0	71.320193798449608	9.8379069767441845	11.481354782957224	Camp Creek TP  

Camp	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	9.7087378640776709	0	74.761165048543674	9.2458252427184462	6.2842718446601937	Dry Creek TN  

Dry	Residential/ Developed
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	22.61904761904762	3.8071428571428574	65.835714285714289	1.8571428571428572	5.8809523809523805	Bozeman 	Residential/ Developed
40%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	11.643835616438359	1.9968493150684927	26.657054794520544	39.707260273972594	19.994999999999997	Dry Creek TP  

Dry	Forest 
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	47.61904761904762	2.1790476190476191	39.180952380952384	9.0409523809523815	1.98	Lower Hyalite Creek TN  

Hyalite, lower	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	19.350380096751902	11.081257774706287	33.348617829993081	8.2020663441603308	28.01767795438839	Jackson Creek TP  

Jackson 	Forest 
2%

Subsurface Wastewater Treatment and Disposal
<1%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	76.923076923076934	5.7440538461538431	14.313463846153841	2.6314153846153832	0.38798930769230749	Mandeville Creek TN  

Mandeville 	Forest 
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	5.882352941176471	52.423529411764711	36.28235294117647	2.1741176470588237	Mandeville Creek TP  

Mandeville 	Forest 
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	11.560693641618498	43.299884393063579	44.431907514450863	0.707514450867052	Reese Creek TN  

Reese	Forest 
21%

Residential/ Developed
<1%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	12.666666666666668	20.96	56.33	0.43666666666666665	9.6066666666666656	Reese Creek N02N03

Reese	Forest/Natural background	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	18.88	73.319999999999993	0.56000000000000005	7.24	Smith Creek TN  

Smith 	Forest 
7%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	USFWS Fish Tech 	City of Bozeman WRF	21.205357142857146	7.2851494612443526	70.827841984320088	0	0.68165141157841891	0	Smith Creek N02N03

Smith 	Forest/Natural background	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	9.2425523904852138	89.880997709939692	0.87193890476275515	Thompson Creek TN  

Thompson	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	8.9622641509433958	83.900377358490559	5.0616981132075463	2.0756603773584903	Upper East Gallatin River, upstream of Bozeman Creek, TN  

Dry	Residential/ Developed
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	22.61904761904762	3.8071428571428574	65.835714285714289	1.8571428571428572	5.8809523809523805	Bozeman 	Residential/ Developed
40%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	11.643835616438359	1.9968493150684927	26.657054794520544	39.707260273972594	19.994999999999997	Upper East Gallatin River, downstream of Bozeman Creek, TN  

East Gallatin, upper, lower 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	26	2.3687399999999998	26.261119999999998	29.676220000000001	15.69318	Upper East Gallatin River, upstream of Bozeman Creek, TP  

East Gallatin, upper, upper 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	43.478260869565219	22.755505364201017	27.159796725014115	4.4042913608130991	2.2021456804065496	Upper East Gallatin River, downstream of Bozeman Creek, TP  

East Gallatin, upper, lower 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	86.1111111111111	1.3227513227513239	2.6455026455026478	7.2751322751322807	2.6455026455026478	Middle East Gallatin River, upstream of    Hyalite Creek, TN  

East Gallatin, middle, upper 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	USFWS Fish Tech 	City of Bozeman WRF	10.574795809041451	1.5959887333811991	17.57265197665135	22.222504419035008	6.3388277017659078	0.63491894975580565	41.057054208121741	Middle East Gallatin River, downstream of    Hyalite Creek, TN  

East Gallatin, middle, lower 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	USFWS Fish Tech 	City of Bozeman WRF	9.6493101379469621	6.2522677384540701	34.360367354538774	4.707270941812963	17.708735212962395	0	27.322048614284835	Middle East Gallatin River, upstream of    Hyalite Creek, TP  

East Gallatin, middle, upper 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	City of Bozeman WRF	10.472574944364444	1.9337923812017281	4.9866775755989003	9.3735214033250429	4.2883636601649435	68.945070035344941	Middle East Gallatin River, downstream of    Hyalite Creek, TP  

East Gallatin, middle, lower 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	City of Bozeman WRF	28.04845110220025	0	7.5477174793791946	5.0222181130664234	3.8422127111425066	55.539400594211628	Lower East Gallatin River

 TN  

East Gallatin, lower 	Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	USFWS Fish Tech 	City of Bozeman WRF	9.3616140492519655	4.6044300062980001	62.694571562132417	8.1665185741623976	8.8916256617683835	0	6.2812401463868381	Lower East Gallatin River

TP  

East Gallatin, lower 	Forest 
2%

Natural background	Forest 	Agriculture	Residential/ Developed	Subsurface Wastewater Treatment and Disposal	City of Bozeman WRF	46.794939481899334	1.5801902973875899	31.875151756394107	9.5183853266882092	4.660763301385618	5.5705698362451397	9/6/2012	DRAFT	F-74
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